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Introduction 
INTRODUCTION 
Water buffalo, Bubalus bubalis, is an economically important livestock species in many Asian and Mediterranean countries. The buffalo population in India is 97 million (Annual Report, 2006) contributing 92 % of the worlds buffalo population. 
Despite of its economic importance in agriculture, dairy and 
meat industries very little information is available on their gene organization, 
evolution and transcriptional status. 
Today, information on genome of all farm animals, like cattle, sheep, pig, 
horse and chicken is readily available (Georges and Andersson, 1996), however 
complete sequence analysis of buffalo genome, is still underway. Efforts are required 
to characterize genes controlling important traits in order to produce genetically 
healthy breeds. Identifying genes for important trait loci, their function and their 
ultimate expression into a specific phenotype will help in predicting genes and 
regulatory elements in biological pathways of all closely related species. 
Animal improvement by genomic approach has been targeted by establishing 
physical and genetic maps as tools for developing more efficient breeding strategies. 
The genetic map is based on recombination frequencies and is obtained by linkage 
analysis of polymorphic markers. The relative order and distance between markers are 
deduced using the frequency of recombination between markers. Physical mapping 
determines the chromosomal position of a marker or a gene. Markers used for gene 
mapping have been named type I, type II (O'Brien, 1991) and type III (Andersson et 
al, 1994). The type I markers are coding sequences, that are evolutionary conserved 
and suitable for comparative gene mapping. Type II markers are highly polymorphic, 
for example microsatellites, minisatellites and thus suitable for linkage analysis (Love 
et ai, 1990). Type III markers have been mapped both by linkage and physical 
mapping and are used to connect the linkage and physical map. 
The genome of mammals is complex and the haploid genome consists of 
approximately 3 billion base pairs encoding an estimated 30,000 genes. A minor part 
of the genome, (5-10%) is coding (Hochgeschwender and Brennan, 1991) and the 
remaining part contains non-coding and repetitive DNA (Bromham, 2002). 
Comparison of the genome size of different eukaryotes shows that the amount of non-
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coding is extremely variable and constitutes 30% to about 99% of the genome 
(Cavalier-Smith, 1985). This DNA probably remains in the genome because of weak 
selection on the amount of non- coding and repetitive DNA. The non-coding regions 
are primarily composed of repetitive sequences viz Tandem and Interspersed repeats 
that are distributed all along the chromosomes. Several mechanisms have been 
proposed for their organizational variation, such as stand slippage during replication, 
base misalignment and unequal cross over between homologous chromosomes during 
meiosis, sister chromatid exchanges or insertion of viral genome (Jeffrey's et al, 
1985; Tautz, 1989). Nucleotide changes and copy number variations fuel the process 
of their evolution within and across the species (Ugarkovic and Plohl, 2002). 
Although not conserved evolutionary (Amor and Choo, 2002), repetitive sequences 
are unique to a species and usually show similarity among related groups of animals 
(Ali and Gangadharan, 2000; Henikoff e? ai, 2001). With respect to functional role of 
these sequences, uncertainty persisted for a long time and it was largely believed that 
they represent detritus part of the genome (Ohno, 1972; Orgel and Crick, 1980). 
However, recent studies have shown repeat elements influencing the structure, 
function, and evolution of the chromosomes in the host species (Sinden, 1999; Dey 
and Rath, 2005). Transcription, mRNA processing, translation, folding, stability and 
aggregation rates, as well as gross morphology, have been found to be incrementally 
affected by alterations in the tracts of tandem repeats (Galant and Carroll 2002; 
Fondon and Gamer, 2004; Gerber et al. 1994). Studies on centromeric and telomeric 
sequences, retrotransposons and ^/w-repeats have substantiated this view (Grady et 
al., 1992; Wolffe, 1989). Similarly, expansion of trinucleotide repeats leading to 
hereditary neurodegenerative diseases in humans has highhghted the importance of 
repeat elements in mammalian genome (Paulson, 1999). Short tandem repeat (STR) 
motifs and microsatellites are frequently used as markers for genotyping, genome 
mapping, species diversity and molecular mining of the satellite tagged transcribing 
sequences (Chattopadhyay et ai, 2001; Srivastava et ai, 2006, 2008). Centromeric 
heterochromatic sequences participate in the kinetochore activities during cell 
division (Mellone and Allshire, 2003). These sequences have been well characterized 
in human (Schueler et ai, 2001), mouse (BroccoU et al, 1991), Drosophila (Sun et 
al., 1997) and cattle (Plucienniczak et ai, 1982; Taparowsky and Gerbi, 1982; 
Nijman and Lenstra, 2001). However, their organizational, evolutionary and 
transcriptional status in buffalo genome remains unknown. Assuring general 
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chromosomal distribution and transcriptional status within and across the species will 
help in understanding functional attributes of these sequences. 
The mammalian ejaculated spermatozoa are highly differentiated terminal 
cells with an extremely compacted nucleus of haploid genome. They are considered 
as dormant cells, because no transcription and translation are possible as a result of 
nuclear DNA binding with protamine and sperm shedding of cytoplasm during later 
stage of spermatogenesis (Hecht, 1998). But with the advent of new techniques in 
fields of molecular andrology, more and more evidences have been accumulating 
suggesting that ejaculated spermatozoa convincingly retain a complex yet specific 
population of RNAs (Pessot et al, 1989; Kumar et al., 1993; Goodwin et al, 2000; 
Lambard et al, 2004; Miller et al, 2005). However, controversy also arises over the 
existence of these RNAs in such mature germ cells. It is believed that mature 
spermatozoa do nothing more than just transfer the paternal genome into oocyte. Are 
these sperm RNAs remains of the past spermatogenesis, especially spermiogenesis, or 
necessary package essential to trigger embryo development? Recent studies propose 
that these RNA transcripts might play important roles in spermatozoa development, 
chromatin repackaging and genomic imprinting and even the zygote development 
(Miller et al, 2005). Therefore, clarifying the make-up of spermatozoal RNA 
transcripts is important to understand spermatozoa development and the events 
surrounding fertilization in many species including buffalo. Transcriptome analysis 
using minisatellite sequences in buffalo will serve as an important approach to study 
mRNA fingerprint. Approximately 5000 transcripts are thought to be present in 
mammalian genome whose roles are yet to be defined (Miller et al, 2005). Following 
the segregation of genes tagged with satellite sequences using cDNA Irom different 
somatic tissues, gonads and spermatozoa will prove to be one of the useful approaches 
in this direction. Comparative analysis of transcriptomes in somatic and gonadal 
tissues will generate a reliable mRNA fingerprint, which can then be correlated with a 
number of known and novel genes. 
In an endeavor to gain insight into chromosomal organization, copy number 
assessment and transcription status of repeat elements in the Bubalus bubalis an 
attempt has been made to clone and characterize these repeats using two approaches 
(i) Restriction Fragment Length Polymorphism (RFLP) and (ii) Minisatellite 
Associated Sequence Amplification (MASA). Prospects of this approach in genome 
analysis in general and germline genetics in particular are discussed. 
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OBJECTIVES 
Briefly objectives were divided into two parts: 
Section-I: Chromosomal Localization, Copy Number Assessment and 
Transcriptional Status of J^ awiHI Repeat Fractions in Water Buffalo Bubalus 
bubalis. 
• To identify and isolate satellite DNA fragments from buffalo, Bubalus bubalis, 
using Restriction Fragment length polymorphism (RFLP) with BamYil enzyme. 
• To clone and characterized the recombinant plasmids representing different 
satellite fractions. 
• Homology search within and across the species using default server 
(www.ncbi.nih.gov/BLAST). Multiple sequence alignment and Phylogenetic tree 
construction using ClustalW program (www.ebi.ac.uk/clustalw/). 
• Zoo-blot analysis of repeat fragments to ascertain their conservation among 
different animals. 
• Relative expression and copy number assessment of candidate satellite fractions 
using Real time PCR and their chromosomal organization employing Fluorescent 
in situ Hybridization (FISH) with buffalo metaphase chromosomes. 
Section-IL- Molecular mining of exonic sequences tagged with consensus of 33.6 
repeat loci in Buffalo Bubalus bubalis. 
• In silico analysis of minisatellite 33.6 related 5' CCTCCAGCCCT 3' repeat in 
several species at the National Center for Biotechnology Information (NCBI; 
http://www,ncbi.nlm.nih.gov) using default server www.ncbi.nih.gov/BLAST. 
• To uncover repeat-tagged transcribing sequences in water buffalo, Bubalus 
bubalis, using consensus sequence of 33.6 repeat loci 
(CCTCCAGCCCTCCTCCAGCCCT) and cDNA from different somatic tissues 
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and spermatozoa employing Minisatellite Associated Sequence Amplification 
(MASA). 
Cloning, sequencing and database search (www.ncbi.nih.gov/BLAST) for 
different mRNA transcripts uncovered by MASA with 33.6 repeat loci. Multiple 
sequence alignment and Phylogenetic tree construction using ClustalW program 
(www.ebi.ac.uk/clustalw/). 
RNA slot-blot hybridization and RT PCR for MASA amplified sequences. 
Somatic tissue, gonad and spermatozoa specific expression study of few MASA 
generated candidate transcripts with Real time PCR. 
Cross-hybridization of MASA amplified orthologues in different species. 
Generation of full-length sequence of MASA generated Peroxisomal Membrane 
Protein- 4 (PXMP-4) gene and their homology status across the species. 
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3.1 BUBALUS BUBALIS DOMESTICATION 
The buffalo {Bubalus buhalis) population in the world is actually about 168 
milUon head, of which 161 million can be found in Asia (95.83%); 3717 million are 
in Africa and Egypt (2.24%); 3.3 million (1.96%) in South America, 40,000 in 
Austraha (0.02 %); 500,000 in Europe (0.30%). 
Asian buffalo or Water buffalo is classified under the Genus: Bubalus, 
Species: hubalis. The Bubalus bubalis belongs to the Class Mammalia, Subclass: 
Ungulata, Order: Artiodactyla, Suborder: Ruminantia, Family Bovidae, Subfamily 
Bovinae, Tribe Bovini, which includes the following three groups: Bovina (cattle), 
Bubalina and Syncerina. Syncerina includes only the species Syncerus coffer (the 
African buffalo). Bubalina (the Asian buffalo) includes three species: Bubalus 
depressicornis or Anoa which lives in Indonesia, Bubalus mindorensis which hves in 
the Philippines and Bubalus bubalis deriving from the domestication of the Bubalus 
arnee, the Indian wild buffalo. The domestication of this species occurred relatively 
recently (5000 years ago) compared to the domestication of Bos taurus and Bos 
indicus (10 000 years ago). Asian buffalo includes two subspecies known as the River 
and Swamp types, the morphology and purposes of which are different as are the 
genetics. The River buffalo has 50 chromosomes of which five pairs are sub-
metacentric, while 20 are acrocentric: the Swamp buffalo has 48 chromosomes, of 
which 19 pairs are metacentric. The difference in the diploid number is only apparent. 
In fact, the large Swamp buffalo chromosome 1 originated from tandem fusion 
translocation between the River buffalo chromosome 4 (telomeres of p-arm) and 9 
(centromere) (Di Berardino and lannuzzi, 1981). During this phenomenon, the 
nucleolus organizer regions (NORs) present in the River buffalo chromosome 4p were 
lost and the centromere of chromosome 9 inactivated (Di Berardino and lannuzzi, 
1981). The two subspecies are inter-fertile and produce progeny with 49 
chromosomes. Male crossbred progeny have sometimes displayed fertility problems 
while female progeny have manifested longer calving intervals only in the case of 
further backcross. Morphology of the two types differs considerably. Swamp 
buffaloes are less heavy, the adult male weight ranging between 325 and 450 kg, 
while the River type weighs between 450 and 1000 kg. Swamp buffaloes are stocky 
animals with marshy land habitats. They are primarily used for draught power in 
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paddy fields and haulage but are also used for meat and milk production. They 
produce a valuable milk yield of up to 600 kg milk per year, Swamp buffaloes are 
mostly found in South East Asian countries. A few animals can also be found in the 
northeastern states of India (Sethi, 2003). River buffaloes are generally large in size, 
with curled horns and are mainly found in India, Pakistan and in some countries of 
western Asia. They prefer to enter clear water, and are used for milk, meat production 
and draught purpose. Each subspecies includes many breeds. Buffaloes are known to 
be better at converting poor-quality roughage into milk and meat. They are reported to 
have a 5 % higher digestibility of crude fiber than high-yielding cows; and a 4-5 % 
higher efficiency of utilization of metabolic energy for milk production (Mudgal, 
1988). 
India has about 97 million animals, which represents 92% of the world buffalo 
population. India is the first country in the world for number of buffaloes and milk 
production (about 134 million tons). India is also the first country in Asia for 
scientific and technological development in buffalo nutrition, production, 
reproduction, biotechnologies and genetic improvement. Moreover India has 
implemented national programmes such as the "green revolution" (to increase crop 
production for animals), the "white revolution" (to increase milk productivity and 
satisfy human needs for proteins) and finally the "red revolution" (to increase meat 
production and strengthen the meat industry), particularly with regard to buffalo. 
India possesses the best River milk breeds in Asia e.g. Murrah, Nili-Ravi, Surti, 
Jaffarabadi, Mehsana, Kundi, Bhadavari and Nagpuri which originated from the 
north-western states of India and have a high potential for milk and fat production 
apart fi'om their use as a work animal and as a supplementary stock for use as meat 
production (Sethi, 2003). Indian Murrah is the most diffuse breed in the world: from 
Bulgaria to South America and all over Asia. Trinidad imported several breeds from 
India between 1905 and 1908. Crossbreeding of these animals has produced a 
Trinidadian type and these animals are the stock that has been imported into the US. 
The low reproductive efficiency in female buffalo can be attributed to delayed 
puberty, higher age at calving, long postpartum anoestrus period, long calving 
interval, lack of overt sign of heat, and low conception rate. In addition, female 
buffaloes have few primordial follicles and a high rate of folhcular atresia. 
Understanding potential quantitative trait loci associated with economically important 
traits will help in producing genetically superior breeds. 
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3.2 REPETITIVE DNA SEQUENCES 
A predominant part of eukaryotic genome consists of repetitive sequences of 
various types (Anna and Krzyzosiak, 2004). These are dynamic elements, which 
reshape their host's genome by generating rearrangements, shuffling of genes and 
modulating pattern of expression. The dynamic nature of repeats leads to 
evolutionary divergence that can be used in species identification, phylogenetic 
inference and for studying process of mutation and selection. These repetitive 
sequences are mainly composed of interspersed transposons-derived repeats and 
tandem repeats (Slamovits and Rossi, 2002). The later includes satellite, minisatellites 
and microsatellites. Satellite DNAs, predominantly associated with centromeric 
heterochromatin is being increasingly utilized versatile tool for genome analysis, 
genetic mapping and for understanding chromosomal organization. On the other hand 
minisatellite and microsatellites dispersed throughout the genome, are highly 
polymorphic in all populations studied led to their extensive use as genetic markers 
for fingerprinting, genotyping, and for forensic analysis. On the basis of number of 
copies of a specific sequence, Repetitive DNA sequences are classed into two types: 
> Highly Repetitive Sequences are short sequences (5 to 10 bp), amounting 10% of 
the genome is repeated large number of times, usually occurring as tandem repeats 
(present in approximately 10^ ' copies per haploid genome). They are not 
interspersed with different non-repetitive sequences. The sequence of each 
repeating unit is highly conserved. Most of the sequences in this class are located 
in heterochromatin regions of centromere or telomere of metaphase chromosomes. 
Highly repetitive sequences are involved in providing sites for proteins involved 
in "organizing chromosome pairing" during meiosis and recombination. 
> Moderately or Dispersed Repetitive Sequences are short sequences (150 to 300 
bp), amounting up to 40% of the genome or long (5 kb), amounting 1-2% of the 
genome, is found dispersed throughout the euchromatin (present in 10 -^10^ copies 
per haploid genome). These sequences are involved in the regulation of gene 
expression, hi some case sequence of long dispersed repeats show homology with 
retro viruses, in particular flanking 300 to 600 bp direct repeats show similarity to 
the long terminal repeats (LTRs) seen in integrated retroviruses. 
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3.3 REPETITIVE DNA ORGANIZATION 
On the basis of their mode of amphfication, two main organizations of 
repetitive DNA sequences, tandemly repeated and interspersed DNA has been 
reported (Slamovits and Rossi, 2002). Fig.l gives brief detail of types of repetitive 
sequences. 
3.3.1 Interspersed Repetitive DNA 
Interspersed repeat sequences scattered throughout the genome have arisen by 
transposition, which is "abihty to jump from one place to another in the genome" 
(Brown 2002). Even though the individual units of interspersed repetitive non-coding 
DNA are not clustered, taken together they account for approximately 45% of the 
human genome. By the mechanism of their transposition two main classes of 
interspersed repeats are classified: 
3.3.1.1 RNA Transposons 
RNA transposons also known as retroelements, found in eukaryotic genome 
require reverse transcription for their activity. Based on their structural relationship 
there are two general categories: 
> LTR elements, which includes: 
• Retroviruses are viruses whose genomes are made of RNA. They infect many 
types of vertebrates. 
• Endogenous Retroviruses (ERVs) are retroviral genomes integrated into 
vertebrate chromosomes. Some are still active and might, at some stage in a 
cell's lifetime, direct synthesis of exogenous viruses, but most are decayed 
relics that no longer have the capacity to form viruses (Patience et al, 1997). 
These inactive sequences are genome-wide repeats but they are not capable of 
additional proliferation. 
• Retrotransposons is the biggest class of transposons. An important 
characteristic of this type of transposable element is that they usually contain 
sequences with potential regulatory activity. They have features of non-
vertebrate eukaryotic genomes (i.e. plants, fungi, invertebrates and microbial 
eukaryotes). These sequences allow the element to code for an mRNA 
molecule that is processed and polyadenylated. Retrotransposons have very 
high copy numbers in some genomes; for instance, they almost make up half 
of the maize genome. There are two types of retrotransposons: 
Review of literature 
>^  Ty3/gypsy Family - repeats that are found in yeast and fruit fly respectively, 
which possess the env gene and can be looked upon as non-vertebrate 
retroviruses (Song et al., 1994; Peterson-Burch et al, 2000). 
•^ Tyl/copia Family - repeats that does not possess the env gene, therefore 
would not form infectious virus particles. 
> Non LTR Elements include: 
• LINEs (Long Interspersed Nuclear Elements) 
LINEs are several thousand base pairs in size and make up 21% of the human 
genome (Pierce, 2005). They contain reverse-transcriptase-like gene (e.g. the 
pol gene) involved in retrotransposition process. The most abundant LINE 
family is the 7 kb, LI repeat element (Furano, 2000) that has a copy number of 
>500,000 and accounts for approximately 15% of the human genome (Lander 
et al, 2001). Despite of its abundance LINE 1 repeat has no known function. 
• SINEs (Short Interspersed Nuclear Elements) 
SINEs are small elements, usually 100 to 500 bp in length, accounting for 13% 
of the human genome (Pierce, 2005). SINEs do not have reverse transcriptase 
gene, instead they borrow reverse transcriptase enzymes from other 
retroelements. Well-known example of SINE in the human genome is Alu 
sequences (Capy et al, 1998), which has a copy of over 1 miUion. The Alu 
sequence is 300 bp long and occurs on average once every 3300 bps in human 
genome. They occur throughout the primate family and are descended from 
small, abundant RNA gene that codes for 300 nucleotide long RNA molecules 
known as 7SL. The 7SL RNA combines with six proteins to form a protein-
RNA complex that recognizes the signal sequences of newly synthesized 
proteins and aids in their translocation through the membranes of endoplasmic 
reticulum to their ultimate destination in cell. 
3.3.1.2 DNA Transposons 
DNA transposons do not require RNA intermediate and transpose in a direct 
DNA-to-DNA manner. In eukaryotes, DNA transposons are less common than 
retrotransposons, but they have a special place in genetics because a family of plant 
DNA transposons - the Ac/Ds elements of maize. There are two types of DNA 
transposons that both require enzymes coded by genes within the transposon: 
10 
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y Replicative Transposons - transposons involve direct interaction between the 
donor transposon and the target site, resulting in copying of the donor. 
r- Conservative Transposons - transposons that transposed by excision of the 
donor element and reintegration at a new site. 
Furthermore, there are other kinds of DNA transposons known in E.coli, and 
fairly typical as in prokaryotes in general. They are composite transposons, Tn3-type 
transposons, and transposable phages (Brown, 2002). 
3.3.2 TANDEM REPEATS 
Tandem repeats consists of repeat arrays of two to several thousand-sequence 
units arranged in a head to tail fashion. Tandem repeats may be further classified 
according to the length and copy number of the basic repeat units as well as its 
genomic localization. 
3.3.2.1 Mega Satellite DNA, are characterized by tandemly repeated DNA in which 
the repeat unit is approximately 50-400 times, producing blocks that can be hundreds 
of kilobases long. Some mega satellites are composed of coding repeats. For example: 
RNA genes, and the deubiquitinating enzyme gene USP17. 
3.3.2.2 Satellite DNA, are represented by monomer sequences, usually less than 2000 
bp long, tandemly reiterated up to 10^  copies per haploid animals and located in the 
pericentromeric and /or telomeric heterochromatic regions (Charlesworth et al., 
1994). Satellite DNA constitutes from 1 to 65% of the total DNA of numerous 
organisms, including that of animals, plants, and prokaryotes. The term "satellite" in 
the genetic sense was first coined by the Russian cytologist Sergius Navashin in 1912, 
initially in Russian ("sputnik") and Latin (satelle), and only later translated to 
"satellite" (Battaglia, 1999). This original usage referred to the morphology of a 
chromosome possessing a secondary constriction at a certain point along its length. 
The more familiar usage of "satellite" relates to a small band of DNA with a density 
different (usually lower, because of a high AT-content) from the bulk of the genomic 
DNA, and which becomes separated from the main band following CsCl 
centrifugation (Kit, 1961; Sueoka, 1961). Nucleotide changes and copy number 
variations fuel the process of their evolution within and across the species (Ugarkovic 
and Plohl, 2002). Satellite fraction(s), though not conserved evolutionarily (Amor and 
11 
« e g 
jS 
ta 
CI. 
vo 
4rt 
<u 
s» ca 
- J 
1 
^ a> 1 
i 1 1 ST S 
•s 
S? 
.^  II i| |i 
11 » 
jy j g 
^ s 
CO 
o 
0 
x: 
CO 
X 
o 
E CO 
CO £ 
§.i 
1 ^ 
= C CD 
O 9^  ^ 
"^ S 
0) O 
> E 
D)±i O 
•a Q.t3 
o E 
_ co i 
(0 CO 0 
0) CO ^ 
§ • " 
C i^-g 
CO 
E 
E 
CO 
0 
> 
CO 
c 
c 
o 
CO 
c p 
CO 
o U . CO ^ 
Review of literature 
Choo, 2002), are unique to a species and usually show similarity amongst related 
group of animals (All and Gangadharan, 2000; Henikoff e^  al., 2001). 
> Types of Satellite DNA 
Satellite DNA constitutes important structural elements of heterochromatin 
region of centromeric, major pericentromeric and telomeric regions of eukaryotic 
chromosomes (Fig.2). The satellite DNA types are: 
• Satellites I-IV: 
Satellites I-IV were originally isolated by gradient centrifugation (Singer 
1982), Satellite 1 is rich in As and Ts and is composed of alternating arrays of 
a 17- and 25 bp repeating unit. Satelhte two and three are both derived from 
the simple five base repeating unit ATTCC. The tandemly reiterating arrays of 
satllite II and III are based on variants of the 5 bp GGAAT monomeric units 
(Frommer et al., 1982; Prosser et al., 1986). Satellite IV, higher-order repeat 
substructure exists in all species, with multimeric arrays ranging in size from 
10 to 1500 kb. Satellite I, II, III occur as long tandem arrays in the 
heterochromatic regions of chromosomes 1, 9, 16, 17, and Y (Doggett, 2001) 
and the satellite regions on the short (p) arms of chromosomes 13,14,15,21, 
and 22. 
• Alpha Satellite Repeats: 
A family of related species that occur as long tandem arrays, arranged in head-
to -tail configuration (Manuelidis and Wu, 1978; Willard and Waye, 1987) at 
the centromeric region of metaphase chromosomes. The repeat unit is about 
340 bp and is a dimer, i.e., it consists of two subunits, each about 171 bp long. 
The amount of alpha satellite DNA in different centromeres varies from 
approximately 250 kb to > 40 M bps. There are two major types of alpha 
satellite DNA: 
^ Higher-order Repeat 
Higher- order repeat, consists of several monomeric repeat that are amplified 
as a unit, with the mulfimeric unit being arranged in a tandem head-to-tail 
configuration. The higher-order repeats are highly homogenous and are 
typically 97-100% identical. Although previously identified at all human 
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centromeres, higher-order alpha satelhte has only been included in the 
assemblies of eleven chromosomes. There are several lines of evidences 
indicating that the higher-order alpha satellite DNA, not the monomeric alpha 
satellite DNA is associated with the functional centromeres (Schueler et al, 
2001;Spencee/'a/., 2002). 
>^  Monomeric Repeat 
Monomeric alpha satellites lack any higher-order periodicity and are on 
average approximately 70% identical. Monomeric alpha satellite typically lies 
at the edges of larger higher-order arrays, and has been included in all but 
three chromosome assemblies. Monomeric alpha satellite has a higher 
frequency of intra-chromosomal exchange than inter-chromosomal exchange. 
However, comparing orthologous regions of human and chimpanzee alpha 
satellite, monomeric alpha satellite is more conserved than higher-order alpha 
satellite. 
• p-Satellite Repeats (BSR) 
Beta satellite repeats, represent another family of sequences that show a 
predominant heterochromatic distribution, which includes pericentric regions 
of chromosomes 1, 13, 14, 15, 21, and 22 and Y (Waye and Willard, 1989; 
Agresti et al., 1987, 1989). They are GC rich with monomeric unit of 68 bp 
repeat, present in 30,000 - 60,000 copies, hi addition, it is also found on long 
arm of chromosome 9 as well as distal cytological satellites of 5 acrocentric 
chromosomes lql2, 3ql2, 9ql2, and Yqll. 
• Y-Satellite Repeats (GSR) 
Gamma satelhte repeats are newest family of repeats reported at the 
centromeres of human cliromosomes 8 and X. Gamma-X satellite DNA is 
approximately 220 bp tandemly arranged repetitive DNA that comprise 
approximately 0.015% of each of the two chromosomes. A related repeat 
DNA has also been identified on long arm side of the major DYZ3 alpha-Y 
domain, outside the region previously defined as that required for mitotic 
centromere function of the human Y chromosome (Lee et al, 2000). 
13 
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• Telomeric Repeats 
Telomeres are composed of multiple repeats of short sequence elements 
(typically 5 to 8 bp in length, with a GT-rich strand oriented 5' to 3' toward the 
end of the chromosome) and range in length from a few repeat units to >10 kb. 
Long simple sequence tandem repeats of interstitial TTAGGG arrays form a 
three-dimensional nuclear network of poorly transcribed domains, which 
involve gene silencing by repositioning. This network, as well as clusters of 
retroelements properly positioned in the nucleus, form unique lineage-specific 
structures that affect gene expression (Tomilin, 2008). The repeated sequence 
(TTAGGG)n is found at telomeres in all vertebrates, certain slime molds, and 
trypanosomes; (TTGGGG)n and (TTTGGGG)n are found in the ciliated 
protozoan Tetrahymena and Oxytricha species, respectively; and (TG].3)n is 
found in the yeast Saccharomyces cerevisiae. In organisms whose telomeres 
have been examined in detail, the GT strand extends 12 to 16 nucleotides (two 
repeats) beyond the complementary C-rich strand. The unique structure of 
telomere provides the mechanism for maintenance of the integrity of the 
chromosome ends. 
• Subtelomeric Repeats 
Classes of repetitive sequences that are interspersed in the last 500,000 bases 
of non-repetitive DNA located adjacent to the telomere. Some sequences are 
chromosome specific and others seem to be present near the ends of all human 
chromosomes. 
> Satellite DNA Evolution and Centromere 
Satellite DNA in pericentromeric heterochromatin as well as in genome in 
general, represents rapidly evolving components. Consequently, even among the most 
closely related species, they differ in nucleotide sequence, copy number, and/or 
composifion of satellite families (Schmidt and Heslop-Harrison, 1998; Ugarkovic and 
Plohl, 2002). Rapid evolution of satellite DNA sequences is possible owing to the 
accumulation of nucleotide divergences, usually with a high rate and in a gradual 
manner (Bachmann and Sperlich, 1993). Gradual accumulation of mutations follows 
phylogeny at different hierarchical ranks. At the species level, centromeric satellites 
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DNAs were informative in phylogenetic studies of the Drosophila obscura group 
(Bachmann and Sperlich, 1993), or in the study of the fish family Sparidae (Garrido-
Ramos et al, 1999). Determination of ecotype-specific variants in the Arabidopsis 
thaliana 180 bp satellite indicated accumulation of divergences within the last ~5 Myr 
(Hall et al, 2003; Ito et al., 2007). Even within a genome, distinct forms of satellite 
DNAs can accumulate mutations with different rates, adding to the diversity of 
sequence patterns in pericentromeric areas. Alpha-satellite repeats, for example, occur 
as monomeric and higher-order units; these two distinct forms accumulate mutations 
with different evolutionary rates. Interestingly, centromerically located higher-order 
units diverge more rapidly than pericentromerically located monomeric repeats (Rudd 
et al, 2006). Accumulation of mutations in satellite families is not the only way to 
alter specific profiles of satellite repeats in short evolutionary periods. Since more 
than one satellite family exists in a genome, expansions and contractions of satellite 
arrays can efficiently change a landscape of DNA sequences in heterochromatin by 
replacing one dominant (major) satellite repeat with another one less represented 
(Ugarkovic and Plohl, 2002). In this, unequal crossover is proposed to be the major 
mechanism responsible for dramatic fluctuations in the copy number of satellite 
DNAs (Smith, 1976). The occurrence of species-specific profiles as a consequence of 
copy number changes in a set of satellite DNAs shared by related genomes was 
originally explained through the library model (Fry and Salser, 1977), and 
experimentally verified in the study of satellite DNAs shared by species of the insect 
genus Palorus (Mestrovic et al, 1998). Copy number changes may be, but are not 
necessarily, accompanied by rapid evolution of nucleotide sequences, and can explain 
species-specificity of satellite profiles even when satellite sequences remain "frozen" 
during long evolutionary periods (Mestrovic et al, 1998; Mravinac et al, 2002; 
Bruvo et al, 2003). Not only disfinct satellite DNAs, but also monomer variants from 
a single family can be distributed in genomes in the form of a library (Cesari et al, 
2003). In the constitution of a library, besides stochastic events, selection might 
represent a limiting factor for persistence of particular satellite sequences, as indicated 
by the study of intersatellite variability in a set of related repeats differentially 
amplified in a group of taxa (Mestrovic et al, 2006). In addifion to nucleotide 
changes and expansions-contractions of satellite arrays, large-scale changes, such as 
segmental duplications, play an important role in the rapid evolution of DNA 
sequences in and around centromeric regions (Cardone et al, 2004; Hall et al, 2004; 
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Ventura et ai, 2007). Satellite repeats may be the preferred form of DNA sequences 
in functional centromeres and their flanking regions just because of their unique 
characteristic to maintain sequence homogeneity over long stretches of DNA, and 
simultaneously to change rapidly in evolution, as explained in the above paragraphs. 
Concerted evolution and abundance of satellite repeats may stabilize interactions with 
DNA-binding proteins and eliminate effects of possible unwanted mutations, and at 
the same time the whole array can rapidly adopt to a new sequence variant which can 
better fit the mentioned interactions, hi a recent model proposed by Dawe and 
Henikoff, 2006, centromeres are defined in a dual way, through an interplay of 
epigenetic factors and through interactions between "selfish" repetitive DNA 
sequences and protein components in a centromere, mediated by meiotic drive. Rapid 
evolution of satellite DNA sequences without impairment of centromeric function can 
be explained assuming that DNA binding centromeric proteins such as CENH3 and 
CENP-C co-evolve with satellite DNAs. This coevolution may be driven either by 
changes in satellite DNAs (Malik and Henikoff, 2001; Talbert et ai, 2004), or by 
satellite repeats competition to better fit the chromatin environment (Dawe and 
Henikoff, 2006). In other words, both DNA and protein evolution drive each other in 
a centromere, thus providing a stable, but flexible system, able to work on genetic and 
epigenetic platforms and, if necessary, to rescue chromosomal function by forming 
new centromeres on non-specialized locations (Dawe and Henikoff, 2006). In 
agreement with the library model, it can be additionally proposed that one satellite 
family can replace another one if their sequences are of similar functional value, as 
discussed recently by Mestrovic et al, 2006. In an ideal case, rapid replacements of 
equivalent DNA sequences would be possible without alterations in binding affinities. 
However, it can be reasonably expected that the evolution of DNA and DNA-binding 
centromeric proteins is an integrative result of all these processes in a particular 
organism. Whatever the scenario could be, a proposed direct consequence is that 
divergences in satellite sequences and corresponding proteins accumulated between 
individuals can cause incompatibilities in hybrids and eventually lead to reproductive 
isolation acting thus as a trigger in speciation process (Mestrovic et al, 1998; 
Henikoff e/ al, 2001; Hall et al, 2005). 
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> Satellite DNA and Transcription 
The general significance of satellite DNA is rather controversial and several 
hypotheses have been developed to assign a role to this fraction of the eukaryotic 
genome. It has been suggested that it may play a role in the heterochromatin 
constitution, chromosome pairing and recombination, chromosome rearrangements, 
three-dimensional organization of the interphase nucleus, and in gene amplification 
events (Brutlag, 1980; Manuelidis, 1982; Strissel et al, 1996). Its role has also been 
suggested in centromere functions by there abihty to associate with centromeric 
satellite-DNA binding proteins (CENP) (Marshall and Clarke, 1995; Sugimoto et al, 
1994). 
The transcription of satellite DNA has been described in vertebrates, 
invertebrates and in plants. In most species, satellite DNA is temporally transcribed at 
particular developmental stages or is differentially expressed in some cell types, 
tissues or organs. In chick and zebrafish, two types of transcript are identified; one 
that corresponds to a-repeat RNA and another group of mRNAs that contain an a-like 
satellite sequence in the 5' and 3' untranslated regions. The transcripts of an a-like 
satellite repeat detected during early embryogenesis were limited to the cardiac neural 
crest, head and the heart (Li and Kirby, 2003). Mouse y-satellite DNA is differentially 
expressed during development of the central nervous system, as well as in the adult 
liver and testis (Rudert et al., 1995). In the crab Geocarcinus lateralis, a GC-rich 
satellite DNA is transcribed in a tissue and stage specific manner (Varadaraj and 
Skinner, 1994). Sam et al, 1996, have described an expressed repetitive sequence 
from the mouse genome, the expression of which is restricted during development and 
is induced in response to retinoic acid. The developmental, stage and tissue-specific 
expression of satellite DNAs in several species suggest that they have a regulatory 
role(s), although for most transcripts this role is still elusive and hypothetical. 
Satellite DNA or its transcripts appear to be involved in heterochromatin 
formation and in chromatin-elimination processes. In Hymenoptera, satellite DNA 
transcriptions have been described in Diprion pint, Diadromus pulchellus, Diadromus 
collar is, Eupelmus vuiletti, and Eupelmus orientalis (Rouleux-Bonnin et al, 1996; 
Renauh et al, 1999). The function of satellite DNA transcripts and their mechanism 
of transcription are not well known. It has been proposed that transcription of satellite 
DNA may be initiated from gene(s) or transposable element interdispersed in satellite 
DNA, as in lampbrush chromosomes (Hori et al, 1996; Solovei et al, 1996). Primary 
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spermatocyte nuclei of Drosophila melanogaster exhibit three giant lampbrush-like 
loops formed by the kl-5, kl-3 and ks-1 Y-chromosome fertility factors. These 
structures contain an abundantly transcribing highly repetitive simple sequence that 
accumulates large amounts of non-Y-encoded proteins (Pisano et al, 1993). Most of 
these transcripts are present as polyadenylated RNA in the cytoplasm but some are 
found exclusively in the nucleus, such as those associated with the Y chromosome of 
Drosophila melanogaster and Drosophila hydei (Trapitz et al, 1988; Bonaccorsi et 
ai, 1990). Heat shock induces the transcription of a subset of satellite-Ill, which is 
located within pericentromeric heterochromatic regions of specific human 
chromosomes (Jolly et al., 2004; Rizzi et al., 2004). The sateUite DNA transcripts 
from salamanders (Epstein and Gall, 1987), schistosomes (Ferbeyre et al., 1998) and 
crickets (Rojas et al., 2000) are expressed as long multimeric precursor RNAs that 
have the ability to adopt hammerhead-like secondary structures and can function as 
ribozymes with self-cleavage activity. Forced accumulation of 120-nt minor 
centromeric satellite transcripts in murine cells upon stress or differentiation, leads to 
defects in chromosome segregation and sister-chromatid cohesion, changes in 
hallmark centromeric epigenetic markers, and mislocalization of centromere-
associated proteins that are essential for centromere function. These findings suggest 
that small centromeric RNAs may represent one of many pathways that regulate 
heterochromatin assembly in mammals, possibly through tethering of kinetochore and 
heterochromatin- associated proteins (Bouzinba-Segard et al., 2006). Transcripts of 
centromeric satellite DNA in maize were present within centromeric chromatin 
contribute to initiation and stabilization of kinetichore chromatin structure 
(Christopher et al., 2004). Satellite DNA transcripts have been proposed to play role 
in initiation of histone H3 methylation, a necessary preqisite in heterochromatin 
formation and maintenance (Usakin et al., 2007). In newt, snRNA-type promoter 
drives satellite DNA transcription and these RNAs are self-cleaving transcripts 
(Epstein and Coats, 1991; Cremisi et al., 1992; Green et al., 1993). This ribozymic 
activity has been demonstrated in several species of newt (Luzi et al., 1997; Denti et 
al., 2000). In higher vertebrates Dicer related RNA interference machinery is involved 
in the formation of the heterochromatin structure (Fukagawa et al., 2004). Recently, 
Saitoh et al., 2000 have identified a tandem-repetitive DNA sequence that encodes a 
novel deubiquitinating enzyme with a functional promoter designated as RS447 
human megasatellite. 
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3.3.2.3 Minisatellite DNA 
The repeat array typically comprises up to several hundred copies of a 6-100 
bp sequence (Bois et al, 1998; Tautz, 1993), spanning from 0.5 to several kilobases 
in the eukaryotic genome (Vergnaud and Denoeud, 2000). The first minisatellite to be 
described was discovered in humans and was detected as specific loci (Wyman and 
white, 1980; Higgs et al, 1981; Bell et al, 1982). Later, Jeffrey and colleagues in 
1985, found a minisatellite sequence in one of its non-coding (intron) regions of the 
human myoglobin gene. Since then similar DNA structures have been found in many 
organisms including bacteria (Skuce et al, 2002), avian (Reed et al, 1996), higher 
plants (Durward et al, 1995), protozoan (Bishop et al, 1998), and yeast (Haber 
and Louis, 1998) genomes. Comparison of the repeat units in classical minisatellites 
led to early notion of consensus or core sequences, which exhibit some similarities 
with the Chi sequences of X, phage (GCTGTGG). ). A minisatellite locus consists of 
multiple tandemly repeated copies of a DNA sequence, and is usually highly 
polymorphic due to variation in the number of repeats (Jeffreys et al, 1985). 
Minisatellites also known as Variable Number Tandem Repeat (VNTR) loci 
(Nakamura et al, 1988; Brown, 2002) are GC rich, with a strong strand asymmetry. 
Often minisatellites form families of related sequences that occur at many hundred 
loci in the nuclear genome. In human genome, number of minisatellite loci is 
estimated at approximately 3000, and each locus contains a distinctive repeat unit 
with respect to size and sequence content. 
In humans, majority of minisatellites are clustered near sub-telomeric ends of 
chromosomes limiting their usefulness for extensive gene mapping (Royle et al, 
1988), but there are examples of interstitial locations (alpha globin gene cluster 
(Proudfoot er a/., 1982) and type II collagen gene (Stoker e? a/., 1985). Minisatellites 
of other species, such as mice or bovine (Georges et al, 1991; Julier et al, 1990), are 
not always preferentially clustered at chromosomal termini as in the human genome, 
but are distributed along the entire length of chromosomes. Unlike microsatellites, 
which usually alter during the DNA synthesis stage of the mitotic cell cycle, 
minisatellites alter during meiosis, undergoing changes in overall length and repeat 
composition (Jarman and Wells, 1989; Jeffreys et al, 1998). Minisatellite tracts have 
proven very useful for genomic mapping (Jeffrey's et al, 1985) and linkage studies 
(Nakamura et al, 1987). Several probes have been identified which detect multiple 
19 
c 
0 
ns 
_N 
> 
x: 
L. 
0 
<*~ 
o 
n 
o 
Q. 
(f> 
TO 
TJ 
0) 
3 
tf) 
U 
C 
Qi 
D" 
Oi 
tf) 
0) 
0 
Q 
0) 
n 
TO 
1 -
o Q.i2 
O 
z 
*-> 
si 
0) 0) 
_i a 
^ 
— £ 
4-> O l 
O C 
1 - 0) 
CO 
o 
u 
c 
o 
3 
a-
o 
(0 
0) 
E 
re 
c 
0) i3 0 
k. 
Q. 
CNJ 
^ 
(N 
CM 
o 
o 
o 
< 
o 
o 
1-
o 
o 
CM 
CM 
C D 
00 
00 
O 
o 
00 
r^  
00 
< 
O 
O 
1-o 
o 1-
o 
o 
o 
o 
< 
o 
o 
1-
o 
o 
1-
o 
o 
u 
CD 
< 
CD 
CD 
O 
O 
1 -
O 
o 
H 
1-
o 
o 
o 
CD 
r^  
00 
1 
C D 
00 
00 
CD 
CM 
CD 
CM 
CO 
o 
o 
CD 
h -
O 
O 
< 
o  
h-
o 
1-
o 
o 
< 
CM 
00 
1 
00 
00 
CD 
I D 
CD 
O 
00 
IT) 
o 
CD 
o 
o 
< 
o 
o 
1-
o 
1-
o 
o 
< 
o 
00 1 
uo 
00 
oo 
CD 
oo 
O) 
CM 
o 
O 
CD 
CD 
CD 
CD 
> 
or 
> 
CD 
Q : 
CD 
>-
CD 
CD 
< 
CD 
< 
> -
01 
< 
CD 
CD 
< 
CD 
CJi 
CM 
1 
>-
< 
6 
00 
h -
CM 
< 
O O 
O 
1-1-
o 
< 
1 -
CD 
1 -
o 
< 
o 
o 
o 
i 
< 
< 
CD 
1 -
o 
o 
1-
• ^ 
CM 
1 
Z 
>-
CD 
CM 
C D 
1 ^ 
CM 
O 
1-
CD 
h -
1 -
O 
h -
o 
1-
o 
o 
o 
1 -
f -o 
o 
o 
i -1-
o 
CD 
1 -
o 
o 
CD 
h -
CD 
c6 
00 
CD 
c^ -
t ^ 
CM 
o 
< 
o CD 
O 
< 
O 
o 
o 
CD 
CD 
h -
CD 
O 
< 
O 
H 
O 
CD 
O 
O 
1 -
o 
CD 
O 
O 
I 
DQ 
CO 
CD 
r^  
C D 
cxj 
00 
CD 
CM 
o 
o 
00 
o 
o 
CD 
CM 
1 
01 
o 
o 
CD 
r^  
CO 
CXJ 
oo 
CD 
CM 
o 
o 
00 
< 
o 
CD 
CM 
1 
< 
o (J 
CD 
oo 
CM 
CO 
CM 
< 
o o 
CD 
o 
< 
CD 
CD 
CD 
CD 
< 
o 
O 
1-
O 
1-
o 
f -
h -
o  
o 
o 
o 
h -
o 
< 
o 
CO 
CD 
I 
CD 
' ^ 
'^ 
CD 
T— 
< 
o 
< 
C D 
1 
< 
o < 
CD 
CD 
CD 
• ^ 
Tl-
CM 
o 
< 
CD 
CM 
1 
< 
O 
< 
CD 
CD 
Review of literature 
polymorphic loci in wide range of species (Burke and Bruford 1987; Bruford et al, 
1992; Ruth and Fain 1993; Amos et al, 1991). List of minisatellite sequences widely 
used for fingerprinting studies are mentioned in Table l(Ah and Wallace, 1988). 
3.3.2.4 Microsatellite / Short Sequence Repeats (SSRs) 
The other well-known VNTR loci is the Microsatellites, or Simple Sequence 
Repeat loci (SSR), in which the repeat unit comprises fewer copies (usually 50-100) 
of much shorter di-, tri-, or tetranucleotide repeat unit (1-10 bp, usually 2-5 bp) (Tautz 
and Renz, 1984; 1989). Microsatellites are ubiquitously interspersed in coding and 
non-coding regions of eukaryotic and prokaryotic genomes (Gur-Arie et al, 2000; 
Toth et al, 2000; Katti and Gupta, 2001). All SSRs taken together occupy about 3% 
of the human genome in which they are widely dispersed and associated with many 
genes (Subramanian et al, 2003). The significance of microsatellite preference in 
different regions has not been completely understood. However, some microsatellites 
occurring in flanking regions of coding sequences are believed to play significant 
roles in regulation of gene expression by forming various DNA secondary structures 
and offering a mechanism of unwinding (Catasti et al, 1999). The variation of length 
and unit type of simple repeats in upstream activation sequences might influence 
transcriptional activity (Kim and Mullet, 1995; Epplen et al, 1996; Kashi et al, 1997; 
Martienssen and Colot, 2001), and affect interaction with different regulatory proteins 
during translation (Lue et al, 1989). 
Microsatellites are usually characterized by low degree of repefifion at a 
particular locus, but microsatellite containing identical motifs may be found at many 
thousand genomic loci. When the occurrence of SSRs in different funcfional genome 
regions is considered, it turns out that most of them show much higher density in non-
coding regions. Exceptions to the rule are trimers and hexamers that are nearly two 
times more prevalent in exons compared to introns and intergenic regions. Their high 
frequency in coding regions may be explained by the fact that they do not change the 
reading frames and gene coding properties and, thus, are much better tolerated than 
other SSRs. Their positive selection in exons suggests also some function for the 
repeats. Examples well acknowledged in the humans are the trinucleotide repeat 
expansion and its association with a large number of genetic disorders, for example 
Fragile X chromosome (Handt et al, 2000), Huntington's disease (Rubinsztein et al, 
1995), Myotonic dystrophy (Winblad et al, 2006), Spinal-bulbar muscular atrophy 
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(Sinnreich et al, 2004), Spinocerebellar ataxia (Lindquist et al, 2006) and Epilepsy 
associated with EPMI gene (Lalioti et al, 1997). The high mutation rate of these 
repeats and their frequent length polymorphism have raised speculations that they 
may be involved in the regulation or "fine tuning" of gene expression and function, 
and have quantitative effects on phenotype. 
•^ Few examples of repeat units used for fingerprinting and transcriptome 
analysis includes (GATA/GACA)n, CA, (AT)n, (GAA)n, (TCC)n, (GGAT)n, 
(GGCA)n, and (TTAGGG)n. 
> Minisatellite / Microsatellite Evolution 
Initially, it was believed that the high rate of mutation in minisatellite was the 
product of unequal crossing-over between homologous chromosomes, but more recent 
evidence suggests that most mutations at these loci are intra-allelic and probably stem 
from sister chromafid exchange or replication slippage (Jeffreys et al, 1991). 
Furthermore, minisatellite variant repeat mapping and digital DNA fingerprinting of 
allelic variants at highly mutable human minisatellite VNTR loci has revealed a 
"gradient" of variability in monomer sequences across the tandem array. Jeffreys et 
al, 1991 suggested that this gradient of variability might be the result of mutation 
preferentially exerted at one end of the tandem array. An intriguing phenomenon 
reported by Rand 1992, is the high rate of point mutations, and small insertions and 
deletions, observed at one end of a VNTR in the mitochondrial DNA of crickets. This 
has been called repeat induced point (RIP) mutation or repeat associated 
polymorphism (RAP). Perhaps RIP or RAP is responsible for the gradient of 
variability seen across the tandem array of nuclear minisatellite. Regardless of the 
molecular mechanisms affecting mutation at the VNTRs, a continuum exists from the 
simple sequence repeats of microsatellites to the more complex sequences of 
mmisatellites. What then is the evolutionary relationship between microsatellite and 
mmisatellite VNTRs? Could microsatellites be the progenitors of minisatellites? Two 
hypotheses have been presented to account for the common "core" sequence identity 
of classes of minisatellite VNTRs. First, Jeffreys et al, 1985 proposed that 
minisatellite VNTRs of related core sequence are the result of transposition mediated 
by sequences flanking the minisatellite VNTR. For example, a 9 bp direct repeat was 
found flanking a hypervariable minisatellite array at the human myoglobin locus 
(Jeffreys et al, 1985). Additional reports have described the close association of 
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minisatellite VNTRs with dispersed repetitive elements such as the human Alu repeat 
(Armour et al, 1989) and transposon-like sequences (Rogaev, 1990). In this model, 
subsequent mutation at minisatellite VNTRs following transposition leads to sequence 
divergence that is carried to other repeat units of the tandem array by unequal 
exchange (Jeffreys et al, 1985). This "transposition" model, however, seems unlikely 
to account for the origin of all minisatellite VNTRs as many minisatellite VNTRs of 
related core sequence show no evidence of dispersed repeats flanking the tandem 
array (Jeffreys et al, 1985). The second hypothesis is that core sequences contain 
motifs that enhance the expansion of VNTRs independently at different loci (Jeffreys 
et al, 1985). In support of this "expansion hypothesis," (Levinson and Gutman, 1987) 
proposed that SSM is the most likely mechanism to explain the evolution of 
microsatellite VNTRs. The salient features of their model are as follows. 
"^ The chance probability of the occurrence of short tracts of simple repeats in 
the genome is extremely high and serves as the raw material for expansion of 
simple sequence repeats by SSM. 
^ The finding of microsatellite arrays differing by a single base substitution is 
the consequence of several SSM events occurring before and after a single 
base change, the result of which is an augmented tandem repeat next to the 
progenitor sequence. For example, some microsatellites have been found to 
consist of mononucleotide repeats, adjacent to dinucleotide repeats, adjacent 
to tetranucleotide repeats, etc. 
>^  Transitions will be more frequent than transversions resulting in the 
maintenance of polypyrimidine and polypurine tracts within a microsatellite 
array. 
-^ The abundance of methylated C residues at CpG couplets (at least in 
vertebrate genomes) may favor the prevalence of TO repeats over GA repeats 
(Levinson and Gutman, 1987; Tautz et al, 1986). Since methylated C can 
undergo deamination, in a CpG repeat this would result in a transition of C to 
T and thereby increase the abundance of TpG couplets. 
Several sequenced minisatellite VNTRs from different organisms (Jeffreys et 
al, 1985; Armour et al, 1992; Proudfoot et al, 1982; Bentzen and Wright, 1993) are, 
found juxtaposed to simple and cryptic microsatellites. For a bovine minisatellite 
VNTR, a complex 40 bp minisatellite tandem array is found interdispersed with a TG 
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repeat of variable length (Ferret et al, 1990) further supporting the idea that 
microsatellite VNTRs may be progenitors of mini satellite VNTRs. 
'r- Minisatellite / SSRs and Transcription 
Minisatellites are associated with chromosome fragile sites and are proximal 
to a number of recurrent translocation break points (Handt et al., 2000). Minisatellites 
/ SSRs have also been implicated as regulators of gene expression, they are found to 
be present in transcribing regions of genomes, including protein-coding genes and 
expressed sequence tags (ESTs), although in general, repeat numbers and total lengths 
of SSRs in these regions are relatively small (Kantety et al, 2002; Thiel et al, 2003). 
For example, it has been found that --12% of identified SSRs in Japanese pufferfish 
(Edwards et al, 1998), 10% in primate (Jurka and Pethiyagoda, 1995), 15% in rabbit 
(van Lith and van Zutphen 1996), arid 9.1%) and 10.6%), in pig and chicken, 
respectively (Moran 1993) are located in the protein-coding genes or open reading 
frames (ORFs). In cereals (maize, wheat, barley, sorghum, and rice) 1.5%) to 7.5%) of 
ESTs consist of SSRs (Kantety et al, 2002; Thiel et al, 2003). These ESTs have a 
range of functions such as metabolic enzymes, structural and storage proteins, disease 
signaling, and transcription factors, suggesting some role(s) of SSRs in plant 
metabolism and gene evolution. In protein-coding regions of all known proteins, 14%o 
proved to contain repeated sequences, with a three times higher abundance of repeats 
in eukaryotes as in prokaryotes (Marcotte et al, 1999). Noteworthy, prokaryotic and 
eukaryotic repeat families are clustered to nonhomologous proteins. 
Tandem repeats residing within the genes involved in transcriptional 
regulation could lead to altered transcriptional activity (Yokota et al, 2003). The 
potential size expansion and contraction at 3', 5' regions and introns could lead to 
disruption of the original protein or formation of new genes by frame shift mutation. 
Example, Diabetes associated with the insulin gene, VNTR in insulin promoter, where 
different length of the repeat was associated with different types of diabetes (Eriksson 
et al, 2006; Bennett et al, 1995; Johnson et al, 1998) and cancer related to HRAS 
minisatellite locus (Krontiris et al, 1993; Jacqueline and Armour, 2003). A genome 
wide survey for tandem repeats located within the coding regions in Saccharomyces 
cerevasiae has thrown surprises that such intragenic repeats are mostly found within 
the stress induced and cell surface genes (Verstrepen et al, 2005; Bowen et al 2005; 
Richard and Dujon 2006; Levdansky et al 2007). Variation in FLOl gene repeats in 
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yeast cells lead to gradual changes in the cell adhesion and their flocculation 
(Verstrepen et al, 2005). Similarly, in Canis familiar is, gene associated with tandem 
repeats functions as facilitators of evolution of limb and skull morphology (Caburet et 
al, 2005). The (TC)// tract in promoter regions was found to serve as a transcriptional 
element for heat-shock protein gene hsp26 in Drosophila (Sandaltzopoulos et al., 
1995), Aspergillus (Punt et al., 1990), Phytophthora (Chen and Roxby, 1997). 
Deletion of various di-, tri- and tetra SSR tracts markedly changed transcriptional 
activity. For instance, promoters transcriptional activity was dramatically decreased 
by deletion of a (TCCC)« tract from the promoter regions of c-KI-ras (Hoffman et al., 
1990) and TGF-h3 gene in the CAT expression system (Lafyatis et al, 1991). 
Moreover, a (GT)/7 repeat could enhance gene activity from a distance independent of 
its orientation, but more effective transcriptional enhancement resulted from the GT 
repeat being closer to the promoter sequences (Stallings et al, 1991). SSRs in intronic 
regions can also affect gene transcription. For example, a tetra-SSR HUMTHOl in the 
first intron of the tyrosine hydroxylase gene acts as a transcription regulatory element 
(Meloni et al, 1998). Gebhardt et al, 1999, found that transcription activity was 
affected by a (CA)/? tract located in the first intron of the epidermal growth factor 
receptor (EGFR) gene. They also showed that RNA elongation terminates at a site 
closely downstream of the SSR and that there are two separate major transcription 
start sites. Model calculations for the helical DNA conformation revealed high bend 
ability in the EGFR polymorphic region, especially if the CA stretch is extended. 
These data suggest that the {Ck)n SSR can act like a joint, bringing the promoter into 
proximity with a putative repressor protein bound downstream of the (CA)« SSR. It is 
noteworthy that triplet SSRs may be preferentially located in regulatory genes related 
to transcription and signal transduction and under-represented in genes for structural 
proteins (Young et al, 2000), also suggesting an SSR effect on gene transcription. 
3.4 BOVINE REPETITIVE SEQUENCES 
Approximately 30% of the bovine genome consists of repetitive DNA 
sequences. Earlier hybridization kinetics experiments indicated that there are about 
60,000 copies of these sequences per genome (Lenstra et al, 1993). Subsequently, it 
was shown that these sequences belong to two organizational classes, tandem repeats 
or isolated short, interspersed, repeated sequences. Five density satellites constitute 
about 20% of the genome, and most of the remainder consists of alternating repeating 
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and non-repeating sequences. The non-repeating sequences have a very broad size 
distribution averaging 4,000 nucleotide pairs in length, with the longest exceeding 
10,000-nucleotide pairs. The interspersed repetitive sequences are much more nearly 
homogeneous in size, averaging 350 nucleotide pairs in length, and are divided into 8 
to 14 sequence families (Mayfield et al, 1980). 
Buffalo, cattle, goat, and sheep are members of a stable Robertsonian system, 
the superfamily Bovidea, in which karyotypic evolution occurs almost exclusively by 
centric rearrangements. In Bos taurus, based on buoyant densities in CsCI, eight 
different satellites have been distinguished (Macaya et al, 1978; Kopecka et al, 
1978). Comparison of the primary structure of five of these satellites reveals a 
common ancestral origin consisting of a dodecanucleotide sequence of 
GATCGGCTAC (T/C) (Taporowasky and Gerbi, 1982). The C banding technique 
reveals a constitutive heterochromatin in the centromeres of all the bovine autosomes, 
but not X and Y-chromosomes. The location of four of the satellite sequences (I, II, 
III and IV) on these chromosomes has been determined (Kumit et al, 1973). Satellite 
1 is present in the centromere of all the chromosomes. Two thirds of all satellite DNA 
are observable in centromeres of the autosomes, with the remaining one third present 
in the telomeric or interstitial regions. Satellite III and IV are localized in the 
centromeres of most, but not all the chromosomes. There are few, if any satellite 
DNA on the sex chromosomes. 
In domestic animals, like cattle, the main purpose for generating polymorphic 
DNA markers is for constructing genetic linkage maps, which in turn are developed 
for identifying regions of the genome that influence economically important traits. 
Mapping of underlying genes or quantitative trait loci (QTL) allows marker-assisted 
selection (MAS), which is expected to increase the rate of genetic progress (Georges 
et al, 1993). Examples of cattle QTL mapped by microsatellite analysis are horn 
development (Georges et al. 1993b), weaver disease (Georges et al, 1993) and milk 
production (Georges et al, 1995). Soon after the first reports about microsatellite 
polymorphisms in humans (Litt and Luty, 1989), Weber and May 1989 showed that 
dinucleotide blocks might be an abundant source of DNA polymorphism in cattle. 
Vaiman et al, 1994 suggested that the cattle genome possesses less (CA)n/(GT)n 
sequences than other mammalian species and gave an estimate of few thousand to 
30,000 as the total number of microsatellites. The small and large scale development 
of random microsatellite markers (e.g. Vaiman et al, 1994; Moore et al, 1994) 
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resulted in genetic linkage maps for cattle (Barendse et al, 1994; 1997; Bishop et al, 
1994). Currently Ninety-nine loci have been assigned to river buffalo chromosomes, 
67 of which are coding genes and 32 of which are anonymous DNA segments 
(microsatellites)(El Nahas et al, 2001). These markers used for buffalo studies 
mapped to the 29 cattle autosomes and the X and Y-chromosomes, the close 
chromosomal relationship between cattle and buffalo can thus be exploited to 
construct buffalo genome map. 
3.5 THE DYNAMIC SPERMATOZOA AND TRANSCRIPTION 
A mammalian ejaculated spermatozoon comprises highly differentiated cells 
that originate from the complex process of spermatogenesis, involving three major 
steps: the proliferation and differentiation of spermatogonia; the meiotic divisions 
during the spermatocyte stage; and, finally, the spermiogenesis. The transformation of 
spermatids into spermatozoa entails major morphological and molecular changes 
concerning acrosome and flagellar formation, cytoplasm elimination and 
mitochondria rearrangement and, finally, nuclear reshaping. 
Spermatozoa transport not only paternal DNA but also protein-coding and 
non-coding RNAs to the oocyte. Since the early study by Pessot et al, 1989 several 
other studies have discussed the detection of specific transcripts in mammalian 
spennatozoa (Zhao et al, 2006). The majority of such transcripts have been linked to 
sperm development; however, with the advent of high throughput technology, such as 
microarray technology, the functional diversity of spermatozoal RNA is increasing. 
Spermatozoa, which are devoid of transcriptional and translational activity, are 
terminally differentiated cells produced in the complex process of spermatogenesis. 
Spermatogenic cells produce an impressive amount of polyadenylated poly (A) RNA, 
accounting for as much as 30% of the total RNA. Many researchers have stated that 
spermatogenic cells produce too much poly RNA for their own needs, especially 
given the reduced translation efficiency of these cells. Another peculiarity of 
spermatogenesis is that much of the RNA produced in spermatogenic cells is stable. 
Some RNAs transcribed in spermatocytes are preserved until late spermiogenesis 
(Langford et al, 1993). Various authors have used RNA profiles to quahfy either a 
sperm function or a role in early embryogenesis. The messenger RNA (mRNA) 
distribution for specific transcripts between low- and high-mofile sperm isolated from 
the same sample has been compared. The levels of different transcripts coding for 
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molecules involved in either nuclear condensation or sperm function are associated 
with the motility status of the sperm cells, although viability was similar in high- and 
low-motile fractions. Recent studies suggest that spermatozoal RNA might have a role 
in post-fertilization events. Miller et al, 2005 reported that some mRNAs detected in 
sperm cells and early embryos are absent in non-fertilized oocytes. Furthermore, 
microRNAs present in spermatozoa could also be involved in embryo development. 
Because of its origins and because of the pecuUarities of spermatogenesis, 
spermatozoal RNA can be regarded not only as remnants that escape cytoplasmic 
extrusion during the last steps of spermiogenesis but also as a fingerprint of 
spermatogenesis quality and fertility outcome. An interesting clinical application of 
transcript profiling has been proposed which consists in assessing fertility potential 
using sperm samples as non-invasive biopsies. For example, abnormal KLHLIO gene 
(two missense mutations) was detected in spermatozoal RNA and associated with 
impaired fertility. Spermatozoal RNA profiles of normal fertile men have been 
established (Ostermeier et al, 2002), and is expected to play an important role in the 
assessment of idiopathic cases of infertility. Transcript analysis of spermatozoa 
content is now considered as a non-invasive approach for analyzing genetic defects of 
humans and other species. 
3.5.1 Spermatozoal RNA in Fertility Research 
Approximately 5000 spennatozoal transcripts are believed to be underpinning 
spermatogenesis and, by extension, male fertility (Ostermeier et al, 2002). 
Spermatozoal RNA isolated from ejaculate resents a unique opportunity to globally 
address the mechanisms that control the differentiation of the male gamete during 
normal, perturbed and diseased states. They provide a useful molecular record to 
assess environmental insult and/or genetic status since spermatogenesis is highly 
sensitive to environmental exposures including chemical, thermal and biological 
agents. Recently, two independent studies in humans have used RNA profiling 
techniques to address the relationship of motility and the RNA population between 
normal and motility-impaired sperm. Interestingly several transcripts in humans were 
identified that varied in a significant manner between the normal and motility 
impaired samples. These included testis specific protein 1 and lactate dehydrogenase 
C transcript variant 1 (Martins and Krawetz, 2005). This clearly points to the potential 
of this strategy to be used as a clinical assay to provide a panoramic view of testis 
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gene expression that can be difficult to achieve from a testicular biopsy. Defining the 
"fertile male fingerprint" would have a significant impact on diagnosis, treatment and 
counseling. Realization would signal a major advance in the field of andrology. 
3.5.2 Spermatozoal Functions 
^ Paternal chromatin packaging: the vast majority of DNA within the 
spennatozoon nucleus is packaged by highly charged protamines. However, a 
small proportion of the genome is packaged by histone-containing nucleosomes. 
It is proposed that these segments are marked with paternally derived RNA. 
^ Imprinting: there is mounting evidence that antisense RNAs play a critical role in 
establishing silenced chromatin domains. There is the possibility, therefore, that 
the recently discovered antisense spermatozoal RNAs could provide an 
epigenetic mark that is necessary for establishing and/or maintaining paternal 
imprints. 
v^  Sperm maturation: under certain conditions, some cytoplasmic mRNAs are 
apparently translated de novo, possibly on mitochondrial polysomes. When this 
translation is prevented, sperm maturational events associated with capacitation 
are not observed. This would suggest that the production of proteins from 
spermatozoal RNAs is necessary for the maintenance of male fertility. 
>^  Developmental maintenance: in addition to structural roles, it has been suggested 
that in common with oocyte RNA stores, spermatozoal transcripts may be 
functionally important to the zygote by actively promoting post-fertilization 
development. Recent evidence also would suggest that paternal RNAs could 
provide epigenetic marks to the developing embryo that influence the phenotype 
of the offspring. 
^ Embryonic spatial patterning: combining the identification of spermatozoal 
RNAs within the midpiece and the dependence of RNA partitioning by the 
paternally derived centrosome, it is tempting to speculate that paternal transcripts 
may play a key role in spatial patterning of the developing zygote. 
3.6 RESTRICTION FRAGMENT LENGTH POLYMORPHISMS (RFLPS) 
RFLPs were the original DNA markers developed in the late 1970s (Botstein 
et al, 1980). Their development was facilitated by the discovery of restriction 
enzymes, which cut DNA at specific sequences giving rise to restriction fragments. 
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The basic technique for detecting RFLPs involves the fragmentation of genomic DNA 
by a restriction enzyme. The resulting DNA fragments are then separated by length 
through a process known as agarose gel electrophoresis, and transferred to a 
membrane via the Southern blot procedure. Hybridization of the membrane to a 
labeled DNA probe then determines the size of the fragments, which are 
complementary to the probe. An RFLP occurs when the size of a detected fragment 
varies between individuals. Each fragment size is considered an allele, and can be 
used in genetic analysis. RFLP's are quick, simple and inexpensive ways to assay 
DNA sequence differences. It is the first DNA polymorphism to be widely used for 
genomic characterization, which detects variations ranging from gross rearrangements 
to single base changes. The polymorphisms are found by their effects on sites for 
restriction enzyme mediated cleavage of preparations of high molecular weight DNA. 
This method has been used extensively to reveal DNA fingerprinting, useful in the 
identification of samples retrieved from crime scenes, in the determination of 
paternity, and in the characterization of genetic diversity or breeding patterns in 
animal populations. 
3.7 TRANSCRIPTOMES AND MINISATELLITE ASSOCIATED SEQUENCE 
AMPLIFICATION (MASA) 
The term transcriptome is young and its mention first appeared in 1997 to 
describe the set of genes expressed from yeast genome (Velculescu et al, 1997). 
According to a more recent definition the term stands for set of all messanger RNA 
(mRNA) molecules, or "transcripts," produced in one or a population of cells. In 
addition to mRNA it also includes various non-coding RNAs playing either structural 
or regulatory functions in cells. Hence there are thousands of different transcriptomes 
in hundreds of different cell types and organs in their various physiological and 
pathological states. Recent studies using minisatellites markers have shown that 
mining satellite transcripts from somatic tissues, gonads and spermatozoa reveals 
various transcriptome(s) which shows tissue stage and specifies specific expression 
profile (Fortune et al, 2000). Minisatellites are ubiquitously distributed in eukaryofic 
genome and show extensive variafion in number of repeats leading to multiallelic 
variation and high degree of heterozygosity. This extreme level of variation renders 
minisatellite invaluable as genetic markers. Minisatellite Associated Sequence 
amplification (MASA) involves random amplification of genomic or cDNA 
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sequences with minisatellite consensus sequence, that are evolutionarily conserved as 
a primer in the PCR reaction. Unhke restriction fragment length polymorphism 
(RFLP) which requires at least 100 folds intact DNA, MAS A can be performed with 
very smaller quantity of target substrate. Jeffreys et al, 1985 described hypervariable 
minisatellites, which have proved to be useful tools for many studies in human 
molecular genetics. Two classic minisatellite probes, 33.6 and 33.15, derived from 
these minisatellite sequences showed a large number of highly polymorphic fragments 
in Hinfl digests of human DNA. This extremely polymorphic pattern due to variation 
in the number of repeats of a 'core' 16-mer sequence allowed the precise identification 
of a particular individual by DNA fingerprint. Much of the studies so far have been 
concentrated using 16-nt (5' CACCTCTCCACCTGCC 3') consensus sequence of 
33.15 repeat loci for MAS A reaction. MAS A with 33.15 in human genomic DNA 
detected a 513 bp Y chromosome specific band in males as well as a number of 
variable bands ranging from 260-2700 bp in both the sexes (Bashamboo and AH, 
2001). In Indian rhinoceros {Rhinoceros unicornis) genomic DNA amplification with 
33.15 primer-identified band profiles specific to the R. unicornis and D. bicornis 
species (Kapur et al, 2003). In water buffalo Bubalus bubalis, 33.15 and 
GATA/GACA repeat loci generated a large number of known and novel genes with 
potential functions (Srivastava et al, 2006, 2008). 
The novel part of the current approach is that functional, structural and 
regulatory genes associated with minisatellites are accessed without screening the 
conventional cDNA library proving this to be highly useful for such genome analysis 
where prior information is absent or inadequately available. The expression profile of 
genes based on MASA under normal and abnormal conditions is envisaged to be of 
great relevance for identification of event/stage specific mRNA transcripts. In the 
context of comparative genomics, mRNA transcripts commonly expressing in a large 
number of species may be segregated. Following this approach, genes with highest 
levels of expression in a given tissue may be easily identified and the information 
from different breeds of animals may be established. Thus, differential expression of 
genes accessed by MASA may be used to establish a genotype phenotype correlation 
in the context of genetic diseases, cancer biology, stem cell research, tissue 
engineering, organ transplantation, animal cloning, characterization of genetic 
integrity of different cell lines and conducting translational research. Thus MASA 
approach can be used as a reliable tool to develop species-specific marker profile. 
30 
Review of literature 
> Minisatellite 33.6 
The consensus of minisatellite 33.6 used in the present is an 11 bp 
CCTCCAGCCCT repeat, originating from the human myoglobin gene (Jeffreys et al, 
1986). Chimini et al, 1989, observed a single major hybridization peak when 33.6 
was used for in situ hybridization to human metaphase chromosomes, thus permitting 
mapping to lq23. Furthermore, hybridization to human DNA cleaved with 'rare-
cutter' enzymes and fractionated on pulsed field gels also showed a fairly simple, 
largely monomorphic pattern which allowed chromosomal assignment using somatic 
cell hybrids. Polymorphic pattern generated by this probe has been used extensively 
in paternity or sibship testing and in a number of forensic studies. In wide range of 
animal species such as dog, cats, fishes, whales, honeybees, birds, butterfly (Jeffreys 
and Morton, 1987; Taggart and Ferguson 1990; Amos et al, 1991; Blanchetot 1991; 
Saccheri and Bruford, 1993) and plants (Tourmente et al, 1998; Broun and Tanksley, 
1993), 33.6 probe has been used to generate DNA fingerprints. Minisatellite 33.6 
produced individual specific band profile in the human (Azfer et al, 1999). This 
repeat used for MASA uncovered several bands across the tissues in buffalo, 
demonstrating its ubiquitous distribution. However at transcription level, information 
from this minisatellite is almost negligible. Clearly, MASA with minisatellite 33.6 
using cDNA from different tissues and spermatozoa provides an opportunity to assess 
all the expressed genes and their mode of actions and interactions within bubaline 
genome. This approach will positively bridge the gap and facilitate much-needed 
advance research to identify genetically superior germplasm in context of animal 
genetics. 
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MATERIALS AND METHODS 
4.1 Collection of blood samples and Isolation of genomic DNA 
Approximately 2 ml blood samples from both the sexes of buffalo Buhalus 
hubalis, goat Cipm hircus and sheep Ovis aries were collected in sterile EDTA tubes 
from local Slaughterhouse, Delhi, Delhi Zoo, Intensive Cattle Development project, 
Gurgoan and Veterinary Hospital, Tughlakabad following the guidelines of 
Institute's Ethical and Biosafety Committee. Samples of cattle Bos taurus and 
Bhadavari breed of water buffalo were collected from different villages of Etawah, 
(UP). For cross hybridization studies, DNA was extracted from peripheral blood of 
tiger Panthera tigris, lion Panthera leo, humans Homo sapiens, langur Presbytis 
entellus, Indian rhinoceros Rhinoceros unicornis, fish Hetropnustes fossilis, bird 
Columba livia, baboon Papio hamadryas, pig Sus scrofa, rat Rattus norvegicus, 
jungle cat Felis chaus, bonnet monkey Macaca radiate and leopard Panthera 
pardus. DNA from lion and tiger was available in the laboratory in the context of 
another project, procured with the permission of competent authority and used 
following strictly the guidelines of Institute's Ethical and Biosafety Committee. 
For DNA isolation, blood samples were mixed with chilled lysis buffer (320 
mM Sucrose; 10 mM Tris, pH 8.0; 5 mM MgCh; 1% Triton X) in the ratio of 1:10 
for a minimum of 15 minutes at 4 C with intermittent gentle mixing. The samples 
were centrifuged at 4000 rpm at for 20 minutes and the pellet was resuspended in 5 
ml of Nuclease buffer (75 mM NaCl; 25 mM EDTA, pH ^.0) containing 5 \i\ of 
Proteinase-K (concentration-20 mg/ml) and 500 |j,l of 10% SDS. With gentle motion, 
tubes were incubated at 37^C for 4-16 hours. DNA was then extracted with 
phenol/chloroform/isoamylalcohol (25:24:1) for 10 minutes and twice with 
chloroform/isoamylalcohol (24:1) for 5 minutes. DNA was precipitated with 0.1 
volumes 3M Sodium Acetate (pH 5.2) and 2 volume of distilled ethanol. Precipitated 
DNA was spooled out, washed twice with 70% ethanol, air dried and resuspended in 
1: 0.1 TE (10 mM Tris HCl; 1 mM EDTA, pH 8.0). 
DNA isolation from testis, kidney, liver, spleen, lung, heart, ovary and brain 
stored in liquid nitrogen was done by crushing tissues into powder in 2 ml of 
homogenization buffer (0.02 M NaCl; 0.04 M Sucrose; 0.002 M EDTA; 0.06 M 
Tris). After complete mixing, 100 |ig/ml of Proteinase K was added and DNA was 
extracted by phenol/chloroform method. Sperm DNA was extracted by mixing 10 
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Figure 3. Restriction digestion of buffalo genomic DNA with 
BamW\ enzyme showing monomorphic bands of 1378 bp 
and 673 bp. Molecular size marker (M) is given in kb. 
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volumes of sperm wash buffer (0.15 mM NaCl; 10 mM EDTA, pH 8.0) to the 
sample. Samples were centrifuged at 3000 rpm for 10 minutes at 4°C. Pellet obtained 
were washed 2-4 times with wash buffer and dissolved in 5 ml of chilled sperm lysis 
buffer (100 mM Tris; 10 mM EDTA; 500 mM NaCl; 1% SDS; 2% p-
mercaptoethanol, pH 8.0). Samples were then centrifuged at 10,000 rpm for 5 
minutes at A^C and the obtained pellet was washed twice in lysis buffer. Pellet was 
finally resuspended in 5 ml sperm lysis buffer, 500 |xl 20% SDS and 20 \A of 
Proteinase K. DNA was then extracted by phenol-chloroform method. Intactness of 
DNA was checked on 1 % agarose gel and DNA was PCR amplified using bubaline 
derived (3-acfin primers and visualized on UV transilluminator. Concentration of 
DNA was measured at 260 nm by spectrometer using formula: 
DNA concentration (|ig/ml) = Dilution factor x A260 x 0.04 mg/ml 
4.2 Restriction digestion of buffalo genomic DNA 
Approximately, 4-5 |ag of genomic DNA from male and female buffaloes were 
subjected to restriction digestion using 14-15 units ofBamRl enzyme, lOX reaction 
buffer 2.5 ]i\, 0.1 M Spermidine buffer 1 \i\ and DNa^e-free disfilled water to make 
volume of 25 ^1. The samples were digested to completion for about 16 hours at 
37^C. The digested reactions were stopped by 1/50 volume of 0.5 M EDTA. The 
DNA samples were then denatured at 65''C for 5 minutes, quenched on ice before 
loading them to agarose gel electrophoretic separation. The DNA fragments were 
resolved with 5X dye (Xylene cyanol and Bromophenol blue) on 0.8% agarose gel in 
0.5X TBE buffer, pH 8.3 (Stock lOX TBE containing IM Tris; 1 M Boric Acid; 0.02 
M EDTA), over a length of 20 cm at 1.5 V/cm for approximately 16-18 hours. Two 
distinct DNA bands of 1378 and 673 bp with BamHI were cut; gel purified using Gel 
extraction Kit from Qiagen (Fig.3). 
4.3 Dephosphorylation of pBSKS+ vector and Generation of BamHI 
recombinant clones 
10 |ig of pBSKS+ vector, Stratagene (Fig.4), was digested with BamHI enzyme 
(NEB) in 50 |il volume following supplier's specifications at 37''C for 1-2 hours. 
The digest was extracted with phenol/ chloroform and successively precipitated by 
2.5 volumes distilled ethanol. The obtained pellet was resuspended in 15 |il dH20. 
The digested plasmid was then dephosphorylated with calf intestine phosphatase, 
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Figure 4. Schematic map of pBluescript II (SK+/-) vector, 
used for cloning of 8amH1 generated fragments. 
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CIAP (10-20U/|al) in reaction volume of 150 \i\ at 65°C for 30 minutes to mmimize 
self-circularization. The reaction was then stopped at IS^C for 10 minutes. The 
dephosphorylated plasmid was phenol/chloroform extracted and precipitated by 2.5 
volumes distilled ethanol. The resultant pellet was rinsed with 70% ethanol, air dried, 
dissolved in TE (1:0.1) and ran on 1% agarose gel in IX TAE to assure its presence 
and concentration was measured at 260 nm. The eluted 1378 and 673 bp BamEl 
fragments were then ligated with dephosphorylated pBSKS+ vector in 3:1 ratio 
using standard procedure (Sambrook et al, 1989). The ligated products were 
transformed into DH5cc competent cells using heat shock method and plasmids were 
isolated using Alkali lysis mentioned. The recombinant clones after confirmation 
with BamHI digestion and slot blot hybridization were sequenced and sequences of 
pDS5 and pDS4 corresponding to 1378 and 673 bp fragments, respectively, were 
deposited in the GenBank. Atleast 8-10 clones from each set were subjected to 
restriction digestion. 
4.4 Preparation of Competent cells 
A single colony ofE.coli (DH5a) was inoculated in 5 ml of Luria Bertini (LB) 
media (10 g bactotryptone; 5 g yeast extract; 10 g NaCl per Hter, pH 7.5) and 
incubated overnight on shaker at 37 C. From overnight culture 100 |il was used for 
sub-culturing in 50 ml LB media, by incubating at 37^0 on shaker till the culture 
attends log phase. As a negative control 100 fil of DH5a was added to LB media 
containing ampicillin. The culture was kept at 37°C on ice for 30 minutes and 
centrifuged at 2500 rpm for 10 minutes at 4''C. Pellet was resuspended in 5 ml of 
chilled 100 mM Calcium chloride (CaCh) and kept on ice for 15 minutes. Cell 
suspension was centrifuged at 2500 rpm and the pellet obtained was again 
resuspended in 1 ml of 100 mM CaC12 and 15% glycerol (autoclaved). The cells 
were aliquoted as 100 [i\ per eppendorf and stored at -70°C till subsequent use. 
4.5 Transformation 
Transformation of ligated products was done using 100 |il of E.coli DH5oc 
competent cells. 5 \i\ of ligated product was added to aliquoted 100 |il competent 
cells and tubes were incubated on ice for 30 minutes. After giving heat-shock for 2 
minutes at 42^C cells were immediately quenched on ice for 2 minutes. 900 p-l of LB 
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media was added and tubes were incubated at 37 C for 1 hour on shaker. Cells were 
then plated on LB ampicillin (50 mg/ml stock) positive plates with X-gal (20 mg/ml) 
and 1.5 fil IPTG (1 M stock) for blue and white colony selection. 
4.6 Plasmid preparation by Alkali lysis method 
Transformed white colonies were grown in 5 ml of LB media containing 
ampicillin at 37 C with vigorous shaking. Approximately 3 ml of the culture was 
taken and centrifuged at 13000 rpm for 30 seconds at 4 C. The pellet was 
resuspended in 200 i^l of ice-cold Solution I (50 mM Tris pH 8.0; 10 mM EDTA) 
and 10 1^1 RNase (10 mg/ml)) by vigorous vortexing for 15 minutes. 200 [i\ of freshly 
prepared Solution II (1% SDS; 0.2 N NaOH) was added with gentle mixing for 5 
minutes at RT. Lastly, 200 jul of ice-cold Solution III (3 M potassium acetate, pH 
5.5) was added and mixed thoroughly before leaving it on ice for 15 minutes. The 
tubes were centrifuged at 13000 rpm for 15 minutes and supernatant was extracted 
with equal volume of phenol: chloroform and isoamylalcohol as described earlier. 
The aqueous phase containing DNA was precipitated with 0.1 volume of 3 M 
Sodium Acetate (pH 5.2) and 2 volumes of ethanol at -70*'C for 45 minutes. The 
tubes were centrifuged at 13000 rpm for 30 minutes at 4*'C in a microfuge. Pellet 
obtained was washed twice in 70% ethanol, air-dried and dissolved in triple distilled 
water. The presence of insert was checked using restriction enzyme analysis 
following standard procedure (Sambrook et ai, 1989). Atleast 8-10 clones from each 
set were subjected to restriction digestion. 
4.7 Nick Translation using Random priming 
For probe preparation, 25 ng of heat-denatured plasmid and 5 ^1 of a-dCTP 
were mixed in rediprime labeling tube (Rediprime, Amersham, UK) and reaction 
was carried out according to manufacturer's instructions. Blots were pre-hybridized 
in hybridization solution (5X Denhardts solution (0.5 g Ficoll; 0.5 g 
polyvinylpyrrohdone; 0.5 g BSA in 50 ml); 5X SSPE (43.3 g NaCI; 6.9 g NaH2P04; 
1.85 g EDTA in 1 liter pH 7.4); 10 i^g/ml E. coli DNA as carrier and 1% SDS) at 
60°C for 6 hours. For RNA hybridization, blots were hybridized at 50°C. All 
preparations for RNA were done in RNase free DEPC water. After pre-hybridization 
for 2-3 hours the random primed labeled probes were heat denatured and added into 
hybridization tubes containing blots and hybridization was carried out for 16-18 
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hours at 60V. The blots were then washed in 2X SSC, 0.1% SDS for 15 minutes at 
RT followed by IX SSC, 0.1% SDS for 15 minutes at 50°C. Washing was repeated 
depending on the counts recorded by radioactivity counter and blots were exposed to 
X-ray film for 1-7 days at -70"C. The films were developed in developer (Metol 3.5 
g; Na2Co3 40 g; Hydroquinone 9 g; NaaSOs 75g; KBr 5 g for 1000 ml) and finally 
fixed in fixer (267 g/litre, X-ray acid fixing sah, Kodak). 
4.8 Southern blotting and Slot-blot hybridization 
Permanent blots of the ^am///digested gel were made by transferring the DNA 
onto nylon membrane following the standard method (Sambrook et al, 1989). Prior 
to transfer, digested gel was depurinated in 2.5% HCl, for 5 min at RT, denatured in 
0.5 N NaOH; 1.5 M NaCl and neutralized in 3 M Sodium Acetate, pH 5.2, for 15 
minutes at RT. DNA was then transferred with 20X SSC (3 M NaCl; 0.29 M 
Sodium citrate) onto nylon membrane (Pharmacia, Sweden) for approximately 18 
hours and fixed onto UV stratalinker (Stratagene, USA). The blots were hybridized 
with pDS5 and pDS4 nick translated probes. 
For slot-blot hybridization 200 ng of heat denatured DNA and 5 |ig of total 
RNA from different tissues of buffalo were slot-blotted onto the nylon membrane 
(Pharmacia LKB, Sweden) and UV crossed linked. Atleast 6-10 clones from each 
plasmid set were slotted onto membrane. Hybridization with respective probes, 
washing and autoradiography was done following method mentioned above. Control 
blots, containing same amount of DNA from different sources and RNA from all the 
tissues was hybridized with buffalo derived P-actin cloned probe. 
4.9 Chromosome Culture 
For chromosome culture, 2 ml of blood was drawn into heparinized vacutainer 
tubes with sterile syringe from buffalo, cattle, goat, sheep and human. To sterile 
tissue culture flask containing 5 ml RPMI-1640, 20%o fetal Bovine serum, 2% 
Phytohemagglutinin, PHA (2 mg/ml), 5 (xl concavalin A (3 |ag/ml), 2.5 |il 
mercaptoethanol (50 |J.M), 50 |al LPS (10 |ig/ml), 2.2 ml Antibiotic/antimycotic (0.15 
mg/ml), 500 ^1 of blood was added and whole mixture was incubated for 72 hours in 
5% CO2 at 37''C. The flasks were shaken twice a day to provide aeration to the cells. 
At 70 hours, 200 \\\ of colcemid (Stock 10 |ig/(il) was added in culture flasks to arrest 
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cells in metaphase stage and cells were further incubated for 2 hours. After 2 hours 
of incubation culture were transferred to conical tubes and centrifuged for 10 minutes 
at 2000 rpm. The supernatant was removed and cell pellet was treated with freshly 
prepared pre-warmed 0.56% KCl for 20 minutes at 37°C. The cells were centrifuged 
for 10 minutes at 2000 rpm and supernatant was removed leaving behind 1 ml of 
fluid. The cells were thoroughly mixed with residual supernatant and then freshly 
prepared chilled fixative (Methanol: Glacial acetic acid, 3:1) was added drop by drop 
along the side of the tube, while mixing the cells simultaneously. The fixed cells 
were left at 4*^ 0 for 30 minutes and then centrifuged at 2000 rpm for 10 minutes to 
remove supernatant mixture. Three such washes were given to the cells and finally 
cell pellet was resuspended in 1 ml of the fixative. Two drops of cell suspension 
were dropped onto pre-cleaned chilled slide and blow-dried. The sHdes were Giemsa 
stained (Gibco, BRL) for 20 minutes, washed with PBS and distilled water and 
observed under microscope to record metaphases (Fig.5). 
4.10 Fluorescence in situ Hybridization (FISH) 
For probe preparation pDS5 and pDS4 plasmid DNA were labeled with 
spectrum red and green dUTP using Nick Translation Kit from Vysis, (Illinois, USA) 
following supplier's instructions. Labeled human DYZl probe was used 
independently as a positive control. The reaction was stopped by heating tubes at 
TO^ C for 10 minutes and by snap cooling at 4^C. The DNA was precipitated using 10 
^1 of 0.5M EDTA, 10 |il of human Cot -1 DNA, 12 i^l of 3 M Sodium Acetate and 
500 |il of chilled ethanol. Tubes were kept at -VO^ C for 30 minutes and centrifuged at 
13000 rpm for 30 minutes. Pellet obtained was air-dried, resuspended in 25 ^1 of 
60% formamide and 2X SSC and kept at -20°C till further use. All these reactions 
were carried out in dark as light leads to quenching of the fluorescent dye. The 
metaphase cells of Buffalo, Cattle, Goat, Sheep and Human were spread on pre-
chilled clean slides. The area of spread was marked with glass marker. The slides 
were first treated with (Methanol: Glacial acetic acid, 3:1) for 2 minutes; 10% glacial 
acetic acid for 2 minutes and finally with 70%, 90%) and 100%o alcohol for 2 minutes. 
The air-dried slides were kept in pre-warmed Solution A (pepsin (lOOmg/ml); IN 
HCl) for 20 minutes at 37°C and chilled solution B (Paraformaldehyde saturated with 
NaHCo3) for 10 minutes at 4°C. Slides were dehydrated in 70%, 90%, 100% ethanol 
for 3 minutes, air-dried and stored for further use. Hybridization using pDS5, pDS4 
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and DYZl probe was done using 60% formamide, 20% Dextran Sulphate and 2X 
SSC at 37°C in dark box for 16 hours. Post hybridization washing was done in 
solution C (20X SSC, NP-40) for 20 minutes at 72°C and Solution D (20X SSC, NP-
40) at RT for 2 minutes. Slides were dehydrated in 70%, 90% and 100% alcohol for 
2 minutes, air dried and counterstained with DAPI. The slides were finally screened 
under the Olympus Fluorescence Microscope (BX 51) fitted with vertical 
fluorescence illuminator U-LHIOOHG UV, excitation and barrier filters. Images were 
captured with a CCD camera and karyotyping of the animal chromosomes was done 
manually using CytoVision Applied Imaging System (Vysis, USA) and the standard 
karyogram (ISCNDB, 2001) 
In order to ascertain if the entire pDS5 sequence or only part of it is present in 
the centromeric regions of the buffalo chromosomes, pDS5 was sub-Iragmented into 
two parts, employing PCR approach using two sets of primers (Table 2) and 50 ng of 
buffalo genomic DNA from both the sexes. The concentration of genomic DNA was 
checked using bubaline derived P-actin primers. The resultant fragments pDS5.1 of 
676 bp and pDS5.2 of 734 bp were resolved on the 1.5% agarose gel. The purified 
PCR product was cloned into pGEM-T easy vector (Promega, USA), after 
characterization of the recombinant clones, by EcoRl digestion and slot-blot 
hybridization. Atleast 8-10 clones were subjected to digestion and slot-blot 
hybridization. The clones were then used independently for conducting Fluorescent 
in situ Hybridization with buffalo metaphase chromosomes. 
4.11 Sperm processing and RNA isolation 
For RNA isolation from semen, Fresh ejaculated semen samples from buffalo 
were obtained from animal farm house, Lucknow, U.P., India, following strictly the 
guidelines of the Institutes Ethical and Biosafety Committee. Sperm cells were 
isolated by centrifugation on percoll density gradient (Srivastava et a!., 2008). After 
the centrifugation, cells were washed in Sperm wash buffer (0.15 mM NaCl and 10 
mM EDTA) and sperm pellets were processed for RNA extraction using TRIzol 
reagent (Invitrogen, Carlsbad, CA). After resuspension of the cells in TRIzol 
reagent, the cells were incubated at 60°C for 30 min as described by Ostermeier et 
al, 2005, with vortexing every 10 min for lysis. The samples were centrifuged at 
8000 rpm for 30 minutes. The aqueous layer obtained was treated with equal 
volume of Isopropanol, mixed gently and kept at RT for 10 minutes. Finally the 
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samples were centrifuged at 6000 rpm for 10 minutes and the pellet obtained was 
washed twice with 70% ethanol, air dried and dissolved in DEPC water at ST^ 'C for 
10 minutes. DNAse I (Ambion, USA) treatment was performed on every sample, 
and RNA was precipitated with ammonium acetate and ethanol. 
4.12 Isolation of total RNA from Tissues 
For RNA, different tissues namely testis, kidney, liver, spleen, lung, heart, 
ovary and brain were taken directly into liquid nitrogen container from local 
slaughterhouse. New Delhi. The tissue samples were homogenized in TRI-X reagent 
(Molecular Research Center, Cincinnati, OH) 1 ml/50-100 mg tissue using polytron 
homogenizer (Kinematica, Switzerland). Homogenate was stored at RT for 5 minutes 
to permit complete dissociation of nucleoprotein complexes. The homogenate was 
mixed vigorously for 15 minutes with 200 ^1 of chloroform per ml of TRI-X reagent. 
The resulting mixture was stored at RT for 2-15 minutes and centrifuged at 6000 rpm 
at 4°C. The aqueous phase was transferred to a fresh tube and RNA was precipitated 
by adding 500 \i\ of isopropanol per ml of TRI-X solution. Samples were stored at 
RT for 5-10 minutes and centrifuged at 6000 rpm for 10 minutes at 4''C. RNA pellet 
was washed twice with 70% ethanol, air-dried, dissolved in DEPC water and kept at 
65V for 10 minutes. The RNA was stored at -70V till further use. Intactness of 
RNA was checked on 1% agarose gel prepared in IX MOPS buffer (lOX MOPS 
contains 0.2 M of 3-N- (morpholine) propane sulphonic acid; 0.05 M Sodium 
Acetate; 0.1 M EDTA, pH 7.0) and the agarose was dissolved completely. 35%) 
formaldehyde (4 ml/100 ml gel) was added to partially cooled agarose gel (60''C). 
The solidified gel was submerged in IX MOPS buffer for electrophoresis. Before 
loading RNA into gel, samples were incubated at 65°C for 15 minutes to denature 
any secondary structures and RNA was electrophoretically separated for 2-4 hours at 
75 volts. Following electrophoresis, RNA was visualized on UV transilluminator 
(Fig.6A). The concentration of RNA was checked using spectrophotometer by 
formula: 
RNA concentration in |ig/ml = Dilution factor x A260 x 0.04 mg/ml 
Where 1 OD=0.04 mg/ml (for ss DNA and RNA) 
The ratio A260:A280 is an indication of the purity of the RNA. The ratio (for 
pure RNA) should be 1.8-2.1. 
39 
(0 
(0 
0 
I -
0) 
(0 
> 
O 
o 
a. (/) 
o 
.:i 3 .= 
t; .E 
(A) 
(B) 
• • W H S ^ ^ ^ H V ^ ^ • • P P ^ ^WRPWBIr '""""""••- ••••• ^MWI^^P^ 
28 s 
18s 
Figure 6. A representative ethidium bromide 
stained RNA gel showing total RNA isolated 
from different tissues of buffalo (A), p-actin PCR 
amplification of reverse transcribe cDNA from 
different tissues of buffalo (B). 
Materials and methods 
4.13 cDNA synthesis 
Before proceeding for cDNA synthesis the presence of genomic DNA 
contamination in the samples was checked with bubahne derived P-actin primers, 
using RNA as a template for PCR reaction. The cDNA synthesis was conducted 
using a commercially available high capacity cDNA archive kit (Applied 
Biosystems) in a total volume of 50 |il. Approximately 10 |ig of RNA was taken for 
cDNA synthesis and reaction was carried out by taking lOX Reverse Transcription 
buffer 10 fil, 25X dNTPs 4 ^1, lOX Random primers 10 ^1, MultiScribeTM Reverse 
Transcriptase, 50 U/|il, Nuclease-free water 21 \il. The tubes were incubated at 25"C 
for 10 minutes and then transferred to ST^ C for 2 hours. cDNA synthesis was 
confirmed by PCR reaction of 35 cycles using a set of bubaline derived P-actin (F 5' 
GTGGGCCGCTCTAGACACCA 3' and 3' 
CGGTTGGCCTTAGGGTTCAGGGGGG 5' R) primers (Pathak et al, 2006). The 
amplified products were visualized on gel by running samples on 1% agarose in IX 
TAE (Fig.6B) and concentration was taken at 260 nm. 
4.14 Minisatellite Associated Sequence Amplification (MASA) with oligo based 
on the consensus of 33.6 repeat loci, cloning and sequencing of the amplified 
fragments 
Using 22 base long oligo primer 33.6 (CCTCCAGCCCTCCTCCAGCCCT), 
25 ng of cDNA from different tissues and spermatozoa was amplified in a single 
PCR reaction. The PCR conditions consisted of 95°C denaturation for 5 minutes 
followed by 35 cycles of 95"C for 1 minute, 60°C for 1.5 minute and 72V for 1 
minute, and final extension at 72''C for 10 minutes. Approximately, 25 \x\. of 
amplified product was resolved on a 20 cm long, 3% agarose gel in Ix TBE buffer 
at a constant voltage. The resolved bands were sliced from the gel, purified using 
the Gel extraction kit (QIAGEN) and cloned into pGEMT easy vector (Promega, 
USA) following standard procedure (Sambrook et al, 1989). The cloned PCR 
fragments were transformed into DHSa (E.coli) competent cells and after 
confirmation with EcoRI digestion and slot blot hybridization using buffalo 
genomic DNA as probe were subjected to sequencing. The sequences were then 
deposited in GenBank and accession numbers were obtained. 
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4.15 RT PCR for MAS A amplified sequences 
To reassure presence of MASA amplified sequences in the tissues and to 
assess their expression levels, allele specific internal primers were designed using 
Primer 3 software (http://fokker.wi.mit.edu/primer3/input.htm) and 100 ng of cDNA 
template. The primer list for 29 transcripts and their respective armealing 
temperature are given in Table 3(A). For each RT-PCR reaction, P-actin was used 
as positive control. The amplified products were run on 1% agarose gel to check for 
desired band size. Full-length CDS of MASA amplified Peroxisomal membrane 
protein- 4 (PXMP-4) gene, was generated using internal primers designed from Bos 
taurus, PXMP-4 (NM001099163). Details of primer sequences and annealing 
temperature are listed in Table 3(C). The amplified band after gel electrophoresis 
was subsequently cloned into pGEM-T easy vector following standard procedure 
(Sambrook et al, 1989). Cloned products after confirmation through EcoRl 
digestion and slot blot analysis were sequenced and deposited in GenBank. Atleast 
5-6 clones were used for digestion and slot-blot hybridization. 
4.16 Copy number and Relative expression analysis by Real Time PCR 
Copy number of pDS5 and pDS4 was calculated based on absolute quantitation 
assay using SYBR Green dye and Sequence Detection System- 7000 (ABI, USA). 
The primers specific to pDS5 and pDS4 representing 1378 and 673 bp fragments, 
respectively, were designed using Primer Express Software V2.0 (ABI) (Table 2). 
The standard curve was obtained using 10 folds dilution series of the recombinant 
plasmids ranging from 30, 00,000 to 30 copies taking 3.36 pg DNA per haploid 
genome of buffalo and 1.096 x 10"^ ' gm wt per base pair as standards. The reactions 
were performed in triplicate using 96 well plates in a 25 \i\ reaction volume, each 
having 0.5 ng of buffalo genomic DNA and 50 nM of corresponding primers, 
employing conditions of 50°C for 2 min, 95°C for 10 min, followed by 40 cycles of 
95°C for 10 sec and 60"C for 1 min. 
Relative expression using Real Time PCR (Sequence Detection system, 7000, 
ABI Prism, CA) was carried out for pDS5, pDS4 and 13 MASA generated mRNA 
transcripts with SYBR Green assay using cDNA from different tissues and 
spermatozoa. The primers were designed using Primer Express 2.0 (Applied 
Biosystems) software. The cyclic conditions were same as that used for copy 
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number calculations. Details of the primers used for pDS5, pDS4 and MASA 
amplified mRNA transcripts are given in the Table 2 and 3(B). The reaction was 
performed following standard protocol (Pathak et al., 2006; Srivastava et al, 
Srivastava et al, 2006, 2008). The specificity of each primer pair and the efficiency 
of the amplification were tested by assaying serial dilutions of the cDNA. Single 
melting temperature peak representing a single amplicon validated primer 
specificity. All the results presented in this study were produced using aliquots 
prepared from the same RT (pool). Primers for the housekeeping gene, GAPDH- F-
(5'GCAAGTTCCACGGCACAGT3' and R-(5'GATGGTGATGGCCTTTCCAT3') 
were used to normalize the values for each sample. To detect potential 
contamination during preparation of the plate nuclease-free water was included in 
each reaction as a negative control. Quanfitative Real time PCR reactions were 
performed in triplicates using 96-well plate in a 25 ml reaction volume employing 
conditions of 50V for 2 min, 95*^ 0 for 10 min, followed by 40 cycles of 9 5 ^ for 10 
seconds and 60 C for 1 min. Real time PCR data was analyzed using threshold setup 
recommended by Applied Biosystems 
(http://www3.appliedbiosystems.com/cms/groups/mcb_support/documents/generald 
ocuments/cms_042176.pdf). The expression status was calculated using formula 
(1+E)"'^ '^ ', where E is efficiency of the PCR and AQ is cyclic threshold difference 
between target gene and internal control. To achieve the maximum (one) efficiency 
of the real-time PCR, the amplicon size was kept small (70-150 bp) so that the 
expression level of the test gene/transcript remains 2"^ *^^ '. 
4.17 Database Search 
The pDS5, pDS4 and MASA generated nucleotide sequences obtained were 
used as queries for homology searches against the database at the National Center for 
Biotechnology Information (NCBI; http.V/www.ncbi.nlm.nih.gov) using default 
BLAST server (www.ncbi.nih.gov/BLAST). The putative identity of respective 
sequence(s) were determined using Blastn sequence search 
(www.ncbi.nih.gov/BLAST; version 2.2.18+) and Bos taurus build 4 genome 
database at the National Center for Biotechnology Information. Search parameters 
were set for nucleotide collection (nr/nt) and reference mRNA sequence 
(Refseq_ma) optimized for highly similar sequences (megablast). Presence of GC 
content, restriction sites, short tandem repeats, sites of protein, nucleic acid repeat 
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motifs, hybridization Tm and overall coding potential were calculated using tools 
NEB cutter V2.0, Tandem Repeats Finder V3.21, Gene Runner software V3.04 
(Hasting software, USA) and Translation Tool (www.expasy.org). Multiple sequence 
alignment and Phylogenetic tree construction was done using ClustalW program 
(www.ebi.ac.uk/clustalw). 
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Section I 
RESULTS 
5.1 Section 1: Chromosomal Localization, Copy Number Assessment and 
Transcriptional Status of i?amHI Repeat Fractions in Water Buffalo Bubalus bubalis 
5.1.1 BamYiX enzyme uncovers two distinct satellite fractions 
Buffalo genomic DNA upon digestion with BamHI enzyme showed two 
distinct fragments of 1378 and 673 bp (Fig.3). The sequences of the recombinant 
clones pDS5 and pDS4 corresponding to 1378 bp and 673 bp after BamHI restriction 
digestion and slot blot analysis using buffalo genomic DNA as a probe (Fig.7 and 8) 
were deposited in the GenBank vide Accession number Y07658 and AY956327, 
respectively. Other clones of pDS5, pDS5.3, pDS5.4, pDS5.5, pDS5.6 were also 
deposited GeneBank vide Accession numbers DQ020281.1, DQ022072.1, 
DQ022073.1, DQ022074.1, respectively. The GC content of pDS5 was found to be 
65.2% with A=211, T-268, G=490 and C=409 and pDS4 was 67.5% with A= 108, 
T=l l l , G=217 and C=237. The pDS5 showed 488 restriction recognition sites 
encompassing 139 enzymes and pDS4 showed 433 restriction recognition sites 
encompassing 118 enzymes (Fig.9). Multiple sequence alignment of different pDS5 
sequences showed inter-clonal variations (Fig.lOA). Independent sequence alignment 
of pDS5 and pDS4 showed only 20% homology suggesting their sequence divergence 
(Fig. 1 OB). No consecutive short tandem repeat (STR) motifs were found in pDS5 and 
pDS4. However, a six base long CTCGAG motif was found at 11 positions in pDS5 
(Fig. 11). 
5.1.2 Genomic fraction pDS5 and pDS4 are not conserved evolutionarily 
Zoo blot hybridization of cloned probes pDS5 and pDS4 under high stringent 
conditions with DNA from different species showed signals in buffalo, cattle, sheep 
and goat (Fig. 12 and 13) but no signal was detected in any other species even after 
exposure of the blot for more than four days. 
5.1.3 pDS5 and pDS4 sequences are localized in the centromeric regions of the 
chromosomes 
Giemsa staining showed presence of metaphase chromosomes in all the 
slides (Fig. 14). Fluorescence in situ Hybridization (FISH) of the pDS5 and pDS4 
probes showed differential pattern with buffalo metaphase chromosomes. Highly 
44 
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Figure 7. Restriction digestion of pDS5 (A) and pDS4 (B) 
recombinant clones (1-8) with BamH\ enzynrie. Note the 
band of 1364 bp in pDS5 and 673 bp in pDS4. Molecular 
size marker in bp is given on the right. 
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Figure 8. Slot-blot hybridization of pDS5 (A) and pDS4 (B) 
recombinant clones (1-8) with buffalo genomic DNA probe. 
PC denotes pDS5 and pDS4 plasmids used as positive 
controls. 
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Figure 9. Representative restriction mapping of pDS5 (A) and 
pDS4 (B) sequence with NEB cutter. 
(A) 
pDS5.6 — — ™ ^_____ ^____ 
pDSS. 5 • • .—____ .— 
pDS5.3 (S'OCCICSTaS^nGTGGCGGOXCCCrC^ 60 
pDS5 GATOCTGK3GaGC3iaXX3GQGOCCXnD3GG?V::^^ 60 
pDS5.6 
FDS5.5 
FDS5.3 
FDS5.4 
pDSS 
GCCIO'CCJXXSiCGGCSRGGCMSGCf^^ 120 
GCCI(3£XnXXSiCGCGfiOXS>GGCROC:^^ 120 
QCXXX3yD:3CXaGQQGRGQC2V3GCaa:K3^^ 120 
pDS5.6 ^__-_-_-.— ---~~-GRaiyZRCGaJlX33Kn:TC3rC^^ 34 
FDS5.3 MQGrCCCTGa«3V3ITa3GRCftGG?^S^^ 180 
FDS5.4 AGGGKXX:TOC3«3ftGrna3GRCAGGRGR(^^ 180 
pDSS AGG-TCCCTX3CaGRGroGQGRCSGGa\G?V3^^ 179 
********************************** 
FDS5.6 caxriaxx:nx:3aaGTrQcrcaGQQGC2^^ 94 
FDS5.5 CXXXTOQ(Xania3«3ITOCTCftGGQGlGI^^ 94 
pDS5.3 CXXrTOQ0CTCT0G!V3nQCrciX3GQQGTCTa^^ 240 
pDS5 (TQCTOGCCrcJinaGITQCra^GGGGai^^ 239 
********************** ************************************* 
pDS5.6 (xiGcasGBjrrrGCGGPasimicpasQ^ 154 
F D S 5 Cnxa3C3rcrTTGa3GRCGRTQC3V3GQQGG^^ 299 
************************************************************ 
FDS5.5 OaV2AQQSITOCCTTCX3«l3W3QQC3raDQQQCC^^ 214 
pDS5.4 (JIIXIiCGGrrGCCrrCGMiERC^^ 360 
pDS5 (XZV3ya3GrTQCCTrCG!!VftGRQQGG]XXX3QQC^^ 359 
************************************************************ 
FDS5.6 GRAia3QGGG-<X3rTOGQa7K3IX3QOOCCaCOCaO^^ 272 
pDS5.5 GAATCGt3C3GG-HXaTCGQCCTC3nSKnxaCCC^^ 272 
pDS5.4 G!\ATCX3QQGG-<X2nX23GOCTaroQ(XCX3^^ 418 
FDS5 aftftTa3a3QG2m:xinxn3cnran3Gcn:-acc^^ 418 
********** ***************** ****************************** 
pDS5.6 GRGRO:X3GOCTC3aCCTCRGC3rQCX3XQGGRftGQCX^ ^ 332 
FDS5.5 GRcs^cxxsGCcrciaxyjrcfasiiGCGc^ 332 
FDS5.3 C3aGZyXQQCrK3OTXTCZV3GKXX3^^  478 
pDS5.4 GRGRCC)QQCX:TC3mXTGaGC5IxrJ3Ca3^^ 478 
pDS5 C3VG»CCX3GCCTC-TXXTCftQCTHDQCn3GGRaG^^ 473 
************ ********* ********** ********** ******** ****** 
Contd/ 
pDS5.6 GGGAATCGCCTCTCCTGTCGCGATCAGGAGGGGAGAAGGGGCTCAGAGGAAGCGGTGCCG 392 
pDS5.5 GGGAATCGCCTCTCCTGTCGCGATCAGGAGGGGAGAAGGGGCTCAGAGGAAGCGGTGCCG 392 
pDS5.3 GGGAATCGCCTCTCCTGTCGCCACCAGGAGGGGAGAAGGGGCTCAGAGGAAGCGGTGCCG 538 
pDS5.4 GGGAATCGCCTCTCCTGTCGCCACCAGGAGGGGAGAAGGGGCTCAGAGGAAGCGGTGCCG 538 
pDS5 GGGAATCGCCTCTCCTGTCGCGATCAGGAGGGGAGAAGGGGCTCAGAGGAAGCGGTGCCG 533 
***•****+•*****•****• * *+•**•*******•********************** 
pDS5.6 GGACCCTCGGTGTTCCCCTCGGGGGAACCCGGCGTGTCGGGGGACTTTTGGGGGTCGCAG 452 
pDS5.5 GGACCCTCGGTGTTCCCCTCGGGGGAACCCGGCGTGTCGGGGGACTTTTGGGGGTCGCAG 452 
pDS5.3 GGACCCTCGGTGTTCCCCTCGGGGGAACCCGGCGTGTCGGGGGACTTTTGGGGGTCGCAG 598 
pDS5.4 GGACCCTCGGTGTTCCCCTCGGGGGAACCCGGCGTGTCGGGGGACTTTTGGGGGTCGCAG 598 
pDS5 GA—CCTCGGTGTTCC—TCGGGGGAACCCGGCGTGTCGGGGGACTTTTGGGGGTCGCAG 589 
* ************ *************************•*+***•********** 
pDS5.6 GAAGGCTGTCAGGGACCGTCTCGCCCTTCAGGGCGGAACAGGGGACTTCCCTTGAGACGC 512 
pDS5. 5 GAAGGCTGTCAGGGACCGTCTCGCCCTTCAGGGCGGAACAGGGGACTTCCCTTGAGACGC 512 
pDS5.3 GAAGGCTGTCAGGGACCGTCTCGCCCTTCAGGGCGGAACAGGGGACTTCCCTTGAGACGC 658 
pDS5.4 GAAGGCTGTCAGGGACCGTCTCGCCCTTCAGGGCGGAACAGGGGACTTCCCTTGAGACGC 658 
pDS5 GAAGGCTGTCAGGGTCCGTCCTCTTCTT ACGGCTCCAGGA CTCCGAGA-GC 639 
************** ***** *** *•* * ** * **** ** 
pDS5.6 CGTCGCGGGCAAGGGCCTCATCTTGCCAAGTGGTGGGAACCACGTGGTTTTTCTCGAGTT 572 
pDS5.5 CGTCGCGGGCAAGGGCCTCATCTTGCCAAGTGGTGGGAACCACGTGGTTTTTCTCGAGTT 572 
pDS5.3 CGTCGCGGGCAAGGGCCTCATCTTGCCAAGA.GGTGGGAACCACGTGGTTTTTCTCGAGTT 718 
pDS5.4 CGTCGCGGGCAAGGGCCTCATCTTGCCAAGAGGTGGGAACCACGTAGTTTTTCTCGAGTT 718 
pDS5 CGTCGCGG-CAAGGGCCTCATCTTGCCAAGTGGTGGGAACCACGTGGTTTTTCTCGAGTT 698 
******** ********************* ************** ************** 
pDS5.6 GCGGCGGCATTCTCGAGTTACGACGGGGATCTCAGCCTTCCCCTTGGGTTGGCCCTGGGA 632 
pDS5.5 GCGGCGGCATTCTCGAGTTACGACGGGGATCTCAGCCTTCCCCTTGGGTTGGCCCTGGGA 632 
pDS5.3 GCGGAGGGATTCTCGAGTTACGACGGGGATCTCAGCCTTCCCCTTGGGTTGGCCCTGGGA 778 
pDS5.4 GCGGCGGCATTCTCGAGTTACGACGGGGATCTCAGCCTTCCCCTTGGGTTGGCCCTGGGA 778 
pDS5 GCGGCGGCATTCTCGAGTTACGACGGGGATCTCAGCCTTCCCCTTGGGTTGGCCCTGGGA 758 
**** ** **************************************************** 
pDS5.6 AGCCCAATCTTCCCCTCGGGTTGCGAGGGAAAGCTGGGGGTGGCGCTCGAGTCACTGCAG 692 
pDS5.5 AGCCCAATCTTCCCCTCGGGTTGCGAGGGAAAGCTGGGGGTGGCGCTCGAGTCACTGCAG 692 
pDS5.3 AGCCCAATCTTCCCCTCGGGTTGCGAGGGAAAGCTGGGGGTTGCGCTCGAGTCACCGCAG 838 
pDS5.4 AGCCCAATCTTCCCCTCGGGTTGCGAGGGAAAGCTGGGGGTTGCGCTCGAGTCACTGCAG 838 
pDS5 AGCCCAATCTTCCCCTCGGGTTGCGAGGGAAAGCTGGGGGTGGCGCTCGAGTCACTGCAG 818 
***************************************** ************* **** 
pDS5.6 GGCCTAAGAGACCTCACCTAAGCGTGTGTCCGGGACCTAATTTTCCTCTCCAGGGAAGGC 752 
pDS5.5 GGCCTAAGAGACCTCACCTAAGCGTGTGTCCGGGACCTAATTTTCCTCTCCAGGGAAGGC 752 
pDS5.3 GGCCGAAGAGACCTCACCTAGGCGTGTGTCCGGGACCTAATATTCCTCTCCAGGGAAGGC 898 
pDS5.4 GGCCGAAGAGACCTCACCTAGGCGTGTGTCAGGGACCTAATATTCCTCTCCAGGGAAGGC 898 
pDS5 GGCCTAAGAGACCTCACCTAAGCGTGTGTCCGGGACCTAATTTTCCTCTCCAGGGAAGGC 878 
*•** *************** •***+**+* ********** ****************** 
pDS5.6 AGGGATCTCGGGGTTGCATTCCAGGCTCCCCCGG——GGAGTCAGGCCTCGTCTCGAGG 808 
pDS5.5 AGGGATCTCGGGGTTGCATTCCAGGCTCCCCCGG- GGAGTCAGGCCTCGTCTCGAGG 808 
pDS5.3 AGGGATCTCGGGGTTGCATTCCAGGCTCCCCCGG GGAGTCAGGCCTCGTCTCGAGG 954 
pDS5.4 AGGGATCTCGGGGTTGCATTCCAGGCTCCCCCGG GGAGTCAGGCCTCGTCTCGAGG 954 
pDS5 AGGGATCTCGGGGTTGCATTCCAGGCTCCCCCGATGATGGAGTCAGGCCTCGTCTCGAGG 938 
********************************* **•****+***•********** 
Contd/ 
pDS5.6 G-RMSCCRM33^-—~ — • 820 
FDS5.5 G-MQOCaMCaC— 820 
jDSS.3 GGPl^O0CM^a3£:->l\XXXJlViVJICrCl^^ 1012 
EDS5.4 GGftaGCaffiGCaG°^ lCTGCTCTXTCTCX3V3^ ^ 1013 
* * * * • * * * • • * 
pDS5.6 —~-~—~—~^— —-— .— .- . 
p£)S5,5 ________„_„_™___-.___._„_______-_ __„_ . __ ___ 
pDS5.6 — — — — — — _ - — — — — — 
p£)S5.5 — ~ — — — — . — 
pDS5.3 O3a3CCPmX3G3S^PiPGMG30J:^^ 1132 
EDS5 a:x33ccja!GCPas^PiPiPGPiP^^ i i o s 
pDS5.6 — — - = — — . — _ . . . —. — -—_ 
jDS5.5 — » ^ — ™ _ - . ^ . .-.—~-~^. . ,__»__ 
FDS5.3 ai'EJM^iKn=S33DJXm32UUtJi'rL'l\:i^^ 1192 
EDS5.4 OCrcaaGCTrtSQCgqXCTgGLtJUiTnL'iUX^ 1193 
FDS5 TCTOGflGCTGOGftliaajaaitJGGLXJiTriLltXna^^ 1167 
PDS5.6 — 
PDS5.5 ._-_— . -^
pDS5.6 — — — — — — — — — — — . _ — — . - — —.^  _____„_™ 
JDS5.5 -~™-™_==— _„_„___„„„ _ .___„_ 
pDS5.3 GGGX]!ia3¥3inVDQQC3yjUt!la^ ^ 1312 
FDS5.4 GGCICnnaGnaOGGiaGGGGgOaGGGanOGa^^ 1313 
pDS5 GGCJXJSnSiGICXSSXSGXXSCIPGSXXn^ 1287 
PDS5.6 — ~ — — — '— — ~ 
pDS5.5 — — — - . — ~ ~ — . — — . — 
FDS5.3 GiVi'i'i\JiUJC3GGCSGCGG03GC3>MC^^ 1372 
EDS5.4 (aC]TrCin3GSGGGTOSCX3GGg«fflCCr:jnJiTi 1373 
FDS5 Ui\JLri\Ji\JJ33333CGOJ3GISMCCCi\^^^ 1347 
FDS5.6 
FDS5.5 
FDS5.3 
Ei)S5.4 
FDS5 
Contd/ 
(B) 
pDS5 
pDS4 
pDS5 
pDS4 
pDS5 
pDS4 
pDS5 
pDS4 
pDS5 
pDS4 
pDS5 
pDS4 
pDS5 
pDS4 
pDS5 
pDS4 
pDS5 
pDS4 
pDS5 
pDS4 
pDSS 
pDS4 
pDSS 
pDS4 
pDS5 
pDS4 
GTGTTCCTCGGGGG 
* ** 
* * * * 
|T |CC|AI ' 
|G |GA|4 
 
i 
** * * 
Iccc ccq 
*** 
|CG|GHC| 720 
ICG|GHC| 155 
• * * * 
780 
215 
* • * * * * * * * * * * * * * ** *** ** ** ** ** * 
|cc 
• * * * * * * • * * 
• i ^ S -
[GC^HC 900 
iGcJimc 328 
** * 
:GIA|CCI|CHGI|GIGGI|I 
- | A | C C | C | G | G | G G | I 
* ** * * * ** 
accHBHTcB|HlcHHccAGHcT^^HAGlcmGCGGc|AlG|^Hc^H cdWlTCWBBic^BcCAGBcT^^BAGldWGCGGCMAMJHIclH 
** * **** ** ** * ***** * * * 
iT H l T T T | c l | G A B B H G C n B T n C G l G B | c | IMTTTUGAIIMBGCBHUCGI MCI
* * * * * * * • * * * *
•
GCC|THGflA@?^^CTHclcHGGT| 
*** * * * ** * * *** 
|c|ABG(^b^(^G|G|G|GGlGCTnGlCABGCH|GGCnAGHACBTC|CC|Al| 
IcMAMGGiAAGMlGMGiGlGGMGCTBBiGHCABGcBiGGcBKVGBRclTclcclAM! 
*** ** 
;CJBGBAICT|I 
;CBG|A|CT| 
* * * ** 
:lA|G^HGAG|^WGCC^HTCTCGJ^SgBaGCcB[GGWCT|CGCTWi 
:lABGHiGAGlHlGCC^lTCTCGaaM=«iGCCWGGBcTlcGCTBi 
* * * * * • * • * * * * * * * * * • 
HG^BACCiCTnffi|G^fficBcc|^gGCBGCnBHGGiA( 
:BGBBkGAicTiHGHicBCcBHGciGcBiBGGBA( 
* *** ** ***** * 
|GSAlAGGBcCCGBA^CTCTC^^|ciH|cll 
iGHAlAGGlcCCGBfcJBcTCTciHBciHcli 
* * * * * * * * * * *** 
AGH(^GAGGACiGGGCB^BGGnTT|c|i 
GG|T|CAGGAC|GGGcBH'^4'^'^l^i 
** * ***** **** ** ** * 
CBGMG|UGfcBG^BTCTC^ffiHaCC^BCG|BcBGBG|l|AGGMBAAjCAj' 
clGaGBHJGiclGlGiTCTcBBBlccBllcGBiclGlGBAGGMBAABcAM' 
* * * * * * * * * • * * * * * * * * * * * * * * 
ICATG|cnTEfflHGGGGGAG|GCQcBGGnD|ciAGTdBGGlAGGlGl|' 
**** * 
ICTIGHAI CT|GBA( 
600 
44 
660 
96 
840 
272 
C 960 
|c 377 
 * ** **** * 
u 
TTCC 
TTCcI 
**** * ** 
C 1020 
C 428 
IGGHCTI 1080 
IGGBCT| 481 
** ** 
IcnT^BCHGi |c|THqcBG( 
* ** 
m
* 
iTTCiC 1140 
|TTc|c 541 
*** * 
TC 1196 
|TC 601 
 * ** 
jC|AGTCB G|A |GHT^n 1256 
ICIAGTCBGGIAGGIGBTHJI 657 
* * * * • * * * * * * * 
[M|^MaM|MMm||IMMW 1316 
* * * * • 
Figure 10. Clustal W alignment of different pDS5 
nucleotide sequence (A). pDS5 and pDS4 sequence (B). 
Nucleotides alterations are color marked. 
GATCCTGTGGAGGTGGCGGGGCCCCTCGGGACTCCGCTGGGTC 
TGGCGCAACGGAAGAGGGCCCCACCTCGAGGGGAGGCAGG 
CACCTCAGGCTTCCTCTGCGTTTCGGACTCCGACCGCAGGTCCCT 
GCAGAGTCGGGACAGGAGAGTCAGGCCTCGTCTTGTCTGAGGA 
AGGGAACCCCGCTGGCCTCrCGAGTTGCTCAGGGGGTCTCAGG 
CCCCTCGTCGAGCTGTGTGTGGAACCCGCGGGTCTTTGCGGACG 
ATGCACGGGGGTGGCAGTGCCCCTTCGTGTTGTGCCTTCACCCAC 
AGGGTTGCCTTCGAAGAGGGGTCCGGGCCTCGGGTCCTTCTCAA 
GAGCGGACCGGGGAATCGGGGGATCGTTCGGCCTGTGGCCCA 
CCCACGTGGCTCGTCTCGAATTTCCTCGTGAGACCGGCCTCTCCT 
GAGGTCGCCGGGAAGCCGGGAACCCTTCCAGACACGCAGGG 
GAATCGCCTCTCCTGTCGCGATCAGGAGGGGAGAAGGGGCTCA 
GAGGAAGCGGTGCCGGACCTCGGTGTTCCTCGGGGGAACCCG 
GCGTGTCGGGGGACTTTTGGGGGTCGCAGGAAGGCTGTCAGGGT 
CCGTCCTCTTCTTACGGCTCCAGGACTCCGAGAGCCGTCGCGGC 
AAGGGCCTCATCTTGCCAAGTGGTGGGAACCACGTGGTTTTTCTCG 
AGTTGCGGCGGCATTCTCGAGTTACGACGGGGATCTCAGCCTTCC 
CCTTGGGTTGGCCCTGGGAAGCCCAATCTTCCCCTCGGGTTGCGA 
GGGAAAGCTGGGGGTGGCGCTCGAGTCACTGCAGGGCCTAAG 
AGACCTCACCTAAGCGTGTGTCCGGGACCTAATTTTCCTCTCCAGG 
GAAGGCAGGGATCTCGGGGTTGCATTCCAGGCTCCCCCGATGAT 
GGAGTCAGGCCTCGTCTCGAGGGAAGCCAAGGACCTCCGCTCT 
CCTCTCGAGTCGCACCTCTCTTGGAGCCCCCTGAGCGGCCTCAA 
GGGAGTCCAGCCTCCTCTTCCGTTTGGAGAGAGGACCCGGGATT 
GCTCTCCAGGCCATGCAGGAAAAGAAGGCCCTCAGCCGCGAG 
GACGGGGCGTCTAGGGGTTTCTCGAGCTGCGATCGCCGTGGGG 
GTTTTCTCCCGAGGCACGACAGGATCTCAGGGAGCCTCTCGTGC 
GGCGCCAGGGAAGTCAGGTCTCCATGGCCGTGGCGAGGGGGA 
GCGCGTCCTGGCTCTCGAGTCACGGGAGGGGACTAGGGCCTCG 
AGACGCGTTGAAGAAGGACTCICGAGGTCTTTGTCGGGGGGCGG 
CGGGAAACCCTCGTTTCCCTCGCCTTCTGCCGGGGACCTTAGGG 
A A C T T C C C A G G G T C G C T C T G A G A G G C G A G 
Figure 11. Nucleotide sequence of a buffalo derived recombinant 
clone pDS5 showing 6 bp CTCGAG repeat motif at 11 different 
places. 
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Figure 12. Ethidium bromide stained agarose gel sJ-iowing 
genomic DNA from different species (A). Autoradiogram of 
the same hybridized with p-actin probe showing equal 
concentration of the genomic DNA (B). 
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Figure 13. Cross hybridization of genomic DNA from 
buffalo and other bovids with pDS5 (A) and pDS4 (B). The 
quantity of DNA was calibrated with p-actin probe (C). PC 
denotes pDS5 and pDS4 plasmid DNA used as positive 
control. 
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Results 
Section I 
discernible FISH signals detected by pDS5 probe were confined to the centromeric 
regions of the acrocentric chromosomes only. The five pairs of bi-armed autosomes in 
buffalo (2 pairs of metacentric and 3 pairs of sub-metacentric) remained free from the 
signals (Fig. 15). Similar resuhs were obtained in cattle where the signals remained 
confined to the centromeric regions of all the acrocentric chromosomes (Fig. 16). 
However, pDS4 showed strong signals in the centromeric regions of all the 
chromosomes of buffalo compared to that of cattle (Fig. 17 and 18). Human metaphase 
chromosomes hybridized with DYZl probe were used as a positive control for FISH 
reaction (Fig. 19). Sheep, goat and human metaphase chromosomes hybridized with 
pDS5 probe showed no FISH signals. 
5.1.4 Fluorescence in situ hybridization of sub-fragments pDSS.l and pDS5.2 
with buffalo metaphase chromosomes 
The schematic representation for the sub-fragments pDSS.l and pDS5.2 
originating from pDS5 are given in Fig.20 and 21, Table 2. The sub-fragments were 
cloned, characterized (Fig.22 and 24) and used independently for conducting 
Fluorescent in situ Hybridization with buffalo metaphase chromosomes. FISH showed 
varying levels of signals with pDSS.l generating much stronger signals compared to 
thatofthepDS5.2(Fig.25). 
5.1.5 Buffalo genome harbors multiple copies of pDS5 and pDS4 fractions 
Copy number of the pDS5 and pDS4 fragments was assessed using standard 
curve based on 10 fold dilution series of the recombinant plasmids. Standard curve 
with a slope of -3.2 and a single dissociation peak for the pDS5 substantiating 
maximum efficiency of the PCR reaction and high specificity of the primers with 
target DNA respectively, was obtained (Fig.26, Table 2). Similarly, a standard curve 
with a slope of -3.7 and a single dissociation peak for the pDS4 is shown in Fig.27. 
Copy numbers of the pDS5 and pDS4 were calculated by extrapolating the standard 
curves which gave rise to 1234 copies of the pDS5 and 3420 copies of the pDS4 per 
haploid genome, corresponding to an average of the 30 and 68 copies per 
chromosome, respectively. 
45 
Figure 15. Localization of pDS5 clone on buffalo metaphase 
chromosomes and interphase nuclei (A) and karyogram of the same 
(B). Note the absence of signal in all the bi-armed chromosomes. 
(A) (B) 
Figure 16. Localization of pDS5 clone on cattle metaphase 
chromosomes and interphase nuclei (A) and karyogram of the same 
(B). Note the absence of signal in all the bi-armed chromosomes. 
Figure 17. Location of pDS4 clone on buffalo metaphase 
chromosomes and interphase nuclei (A) and karyogram of the same 
(B). Note signals in the centromeric region of all the chromosomes. 
Figure 18. Localization of pDS4 clone on cattle metaphase 
chromosomes and interphase nuclei. Note signals in the centromeric 
region of all the chromosomes. 
Figure 19. Human metaphase chromosomes 
hybridized with DYZ1 probe used as a positive 
control for Fluorescent in situ Hybridization 
reaction. 
Sub-fragments of pDS5 
pDS5.1 (676 bp) pDS5.2 (734 bp) 
11378 
nt 1-676 bp 
nt 644-1378 bp 
Figure 20. Schematic presentation, showing the PCR based 
strategy for the generation of sub-fragments pDS5.1 and pDS5.2 
originating from pDS5 corresponding to 676 bp and 734 bp, 
respectively. 
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Figure 21. Amplification of pDS5.1 (A) and pDS5.2 (B) sub-
fragments with primers derived from pDS5 using genomic DNA 
from male and female buffalo. Genomic DNA amplified with p-
actin primers was used as positive control (C). 
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Figure 22. Schematic map of pGEM-T easy vector, used for 
cloning of pDS5 sub-fragments and IVIASA generated mRNA 
transcripts. 
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Figure 24. Slot-blot hybridization of recombinant plasmids 
(1-10) of pDS5.1 (A) and pDS5.2 (B) with buffalo genomic 
DNA probe. PC denotes pDS5.1 and pDS5.2 used as 
positive control. 
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of the PCR reaction and high specificity of the primers 
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value (0.19) for the target genomic DNA is indicated in the 
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5.1.6 Differential expression of pDS5 and pDS4 in buffalo 
Real Time PCR analysis of the pDS5 and pDS4 satellite sequences with 
primers mentioned in Table 2 showed differential expression in different tissues. The 
highest expression of the pDS5 (953 folds) was detected in the spleen compared to 
that in the lung, taken as an endogenous control. Higher Ct value corresponds to lower 
level of expression and vice versa. The Ct values for the pDS5 in the testis, kidney, 
liver, spleen, lung, heart and ovary were -8.905, -0.965, -9.795, -9.82, 0.1, -3.715, and 
-4.065, respectively (Fig.28). Similarly, the highest level of expression of the pDS4 
(814 folds) was detected in the liver compared to that in the kidney, taken as an 
endogenous control (Fig.29). The Ct values for the pDS4 in the testis, kidney, liver, 
spleen, lung, heart, ovary and brain were found to be -6.84, 1.0, -9.67, -9.07, -5.525, -
4.08, -2.255 and -7.695, respectively. 
5.1.7 Buffalo genome shows significant homology of pDS5 and pDS4 sequences 
with that of cattle 
Independent Blast search of the pDS5 and pDS4 sequences with that from the 
different species showed significant homology between the buffalo and cattle 
genomes (Table 4). Construction of the phylogenetic tree based on the alignment of 
the pDS5 sequences from the different species (Table 5) substantiated close 
relationship of the buffalo and cattle genomes (Fig.30). Similar results showing close 
relationship between the buffalo and cattle genomes were also obtained with the pDS4 
sequences (Fig.31). 
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Figure 28. Real Time PCR Amplification plot showing 
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Figure 29. Real Time PCR Amplification plot showing 
relative expression of pDS4 (A) and differential expression 
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TABLE 5: Details of pDS5 and pDS4 sequences from different 
species used for phylogenetic analysis 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Clone 
ID 
pDS5 
pDS5 
pDS5 
pDS5 
pDS5 
pDS5 
pDS5 
pDS5 
pDS5 
pDS4 
pDS4 
pDS4 
pDS4 
Animals 
Buffalo 
Cattle 
Goat 
Sheep 
Roan Antelope 
Takin 
Mule Deer 
Red Deer 
Dwelling Deer 
Buffalo 
Cattle 
Goat 
Sheep 
Species 
Bubalus bubalis 
Bos taurus 
Cipra hircus 
Ovies aries 
Hippotragus equinus 
Budorcas taxicolor 
Odocoileus hemionus 
Cervus elaphus 
Rangifer tarandus 
Bubalus bubalis 
Bos taurus 
Cipra hircus 
Ovies aries 
Accession No. 
Y07658 
K00133 
X57335 
X96874 
AF285415 
AF363364 
U55814 
U53516 
X77013 
AY956327 
X03116 
AF245170 
AF245169 
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DISCUSSION 
The centromeric satellite DNA is a characteristic component of all the 
eukaryotic chromosomes (Bachmann and Sperlich, 1993). Current data demonstrate 
atleast two types of major satellites in the centromeric regions of the buffalo 
chromosomes. There is no report on any other types of satellites from this species 
though in cattle, eight major types of the same have been reported (Taparowsky and 
Gerbi, 1982). Thus, presence of additional types of centromeric satellites in the 
buffalo genome may not be ruled out. 
5.1.8 Organizational variations of pDS5 and pDS4 satellite fractions within and 
between the species 
Satellite DNA, pDS5 and pDS4 described in this study are the arrays of large 
and medium sized monomer units with the species-specific features. Upon alignment, 
these are found to be grossly different from each other showing about 20% homology 
(Fig. 1 OB) and free from the presence of the consecutive short tandem repeats (STR). 
The pDS5 in the buffalo harbors CTCGAG motif at 11 different positions (Fig. 11) 
whereas in cattle at 26 positions in an EcoKl fragment of 1402 bp (Taparowsky and 
Gerbi, 1982). The goat and sheep genomes have 4 and 3 such motifs in 816 and 784 
bp satellite fragments, respectively. Short tandem repeat (STR) motifs are known to 
expand and shrink (John et al, 1996). In the present study, differential distribution of 
this motif in related bovids shows no correlation between its copy number and 
evolutionary status of the species indicating its putative independent expansion or 
shrinkages. A single unit of CTCGAG contains seven different restriction {Xhol, Tli\, 
Aval, Smll, PaeRll, BsoBl and Taql) recognition sites. If some of these enzyme 
sites (e.g. Taql) are prone to mutations that may fuel the process of copy number 
variation of this motif leading to intrinsic polymorphism (Ali and Wallace, 1988). In 
addition, the genomic fragments harboring this motif may experience strand slippage 
during DNA replication (Jeffreys et al., 1985) altering the number of this repeat unit. 
This view is supported by varying copy numbers of CTCGAG motif in different 
species of bovids irrespective of their evolutionary hierarchy as mentioned above. 
Present study suggests that the compositions of centromeric regions of the acrocentric 
chromosomes in the cattle and buffalo are different as evident from the FISH data of 
pDS5 and pDS4, compared to that of their bi-armed chromosomes. Differential 
distribution of these satellite fractions in the buffalo and cattle genomes uncovered by 
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FISH reflects their inter- and intra-species specific heterogeneity, contradicting the 
theory of concerted evolution (Dover, 1986). It is likely that evolutionary forces are 
operating on these two satellite fractions in an independent manner. 
5.1.9 Are pDS5 and pDS4 satellite sequences involved with kinetochore activities 
in buffalo genome? 
Centromeric satellite sequences have been implicated with kinetochore 
activities (Amor and Choo, 2002). Our results suggest that bi-armed chromosomes in 
buffalo, either do not harbor pDS5 sequence or have so few copies that they escape 
detection by FISH. Based on this result, we construe that the pDS5 may not be 
involved in kinetochore activities; instead the bi-armed chromosomes contain some 
other types of sequences regulating the chromosomal movement in connivance with 
the centromeric proteins CENPs (Mellone and Allshire, 2003). Yet another possibility 
is that epigenetic modifications, rather than the presence of specific nucleotides are 
involved in regulation of the centromeric functions (Henikoff e? al, 2001). 
5.1.10 Sub-fragments originating from pDS5 uncover differential FISH signals 
Of the two sub-fragments pDS5.1 and pDS5.2 originating from the pDS5, one 
pDS5.I showed stronger FISH signal on the buffalo metaphase chromosomes 
compared to that of pDS5.2. Since Tm of both the sub-fragments is comparable, the 
differential signals are not attributable to the difference in the Tm. Although not 
proven, the pDSS.l may have more copies in the buffalo genome compared to that of 
pDS5.2. Interestingly, translation of pDS5.1 into protein from nt 1 to 676, followed by 
database search showed homology with alpha collagen gene corroborating the earlier 
report (Chattopadhyay et al, 2001). Similar analysis of pDS5.2 encompassing nt 644 
to 1378 showed homology of the same with peptides involved in cell division and 
chromosome segregation. 
5.1.11 Varying copy number and differential expression of pDS5 and pDS4 
satellite sequence 
Satellite DNA copy number variations have been correlated with 
karyological differences among the species (Slamovits et al, 2001; Garagna et al, 
2001; Garagna et al, 1997). In the present study, differential FISH signals detected by 
sub-fragments pDSS.l and pDS5.2, varying copies and differential expression of 
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pDS5 and pDS4 corroborate their organizational and functional heterogeneities. This 
is supported by yet another independent study where both pDS5 and pDS4 showed 
FISH signals on all the chromosomes of buffalo, though signals of pDS5 on all the bi-
armed chromosomes were very weak (Tanaka et al, 1999). Differential FISH signals 
in the buffalo genome in two geographically isolated populations (Japan and India) 
clearly show high levels of organizational heterogeneity of the major satellites. 
Presence of more copies of the pDS4 in the buffalo genome compared to that of the 
pDS5 was expected to show correspondingly higher level of expression. However, 
lower expression of the pDS4, despite its high copy number, suggests that in certain 
instances, up-regulation of an mRNA transcript may operate independent of its copy 
number. 
The difference in gene expression of the two satellite sequences may also be 
contributed to gene specific epigenetic modifications taking place in the repetitive 
elements embedded within heterochromatin. Posttranslational modifications of 
histone tails or covalent modification of cytosine residue (Jenuwein and AUis, 2001; 
Bird, 2002) are possible explanation for such mechanism of regulation of satellite 
transcripts. Some regulatory components have been reported that bring about such 
modification in gene expression pattern of satellite sequences (Huang et al, 2004; 
Schramke and allshire, 2004; Ekwall, 2004) however, exact regulation and silencing 
of chromatin around repeat regions that brings about change in transcription is not yet 
understood 
Based on these observations, we propose that differential organization; 
varying expression and fluctuating copy numbers of the pDS5 and pDS4 satellites 
may be used as marker systems for the breed delineation and for correlating the 
possible physical and physiological attributes of this species. 
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CONCLUSION 
Characterization of additional satellite DNA, assessment of their copy 
numbers and relative expression along the present line may prove to be useful to 
generate satellite linked markers for comparative genome analysis. Similarly, highly 
focused work on the biological components of the centromere involved in kinetochore 
activities in more number of species would be of relevance to uncover the molecular 
basis of chromosomal segregation in normal and diseased conditions. Clearly, buffalo 
and related bovids offer an additional option to undertake such analysis. 
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5.2 Section-II: Molecular mining of exonic sequences tagged with consensus of 33.6 
repeat loci in Buffalo Buhalus bubalis 
5.2.1 In silico analysis of 33.6 repeat unit across tlie species 
The consensus sequence of 33.6 repeats is 11 nucleotide long motif distributed 
ubiquitously in the human (Jeffreys et al. 1986) and several non-human genomes 
(Karaca et al., 2002; Wickings 1993). In the present study, oligonucleotides based on 
(5'CCTCCAGCCCT3') and (5'CCTCCAGCCCT3')2 units of this motif, were used 
independently to conduct Blast search with cDNA sequences deposited in the 
GenBank. Two units comprising 22 nucleotides showed non-significant homology, 
however, single unit comprising 11 nucleotides were found to be present in the 
flanking and intervening regions of several structural and functional genes across the 
species (Table 6). However, no gene was found to be tagged with this motif in 
buffalo, probably due to its poorly characterized genome. Though most of the genes 
were found to be tagged with one unit of 33.6 sequences, presence of two units across 
the wider spectrum of genes may not be ruled out. With this assumption, we opted to 
use 22 base long oligonucleotides having two repeat units 33.6 sequence for MASA 
reaction. 
5.2.2 Exons tagged with 33.6 sequences in somatic tissues and spermatozoa of 
buffalo 
As mentioned earlier, MASA was conducted with 22 base long 
oligonucleotides comprising two units of 33.6 sequences which amplified several 
mRNA transcripts ranging from 200 bp to 1.0 kb, in different somatic tissues, gonads 
and spermatozoa of buffalo (Fig.32). However using genomic DNA from different 
tissues bands more number of bands in range of 200 to 2 kb were seen (Fig.33). 
Prominent mRNA bands encompassing 161 fragments from all the tissues and 
spermatozoa were cloned, sequenced and subjected to database search after 
confirmation through restriction digestion and slot blot hybridization (Fig.34 and 35). 
The detailed analysis of each fragment showed a total of 29 different mRNA 
transcripts in the range of 206 to 988 bp (Table 7 and 8). 
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Figure 32. Minisatellite associated sequence amplification 
(MASA) using two units of the consensus of 33.6 repeat 
loci with cDNA from different somatic tissues and 
spermatozoa of buffalo (A), p-actin used as an internal 
control (B). M is the molecular marker given in base pair 
(bp). 
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Figure 35. Slot-blot hybridization of 33.6 MASA generated 
recombinant clones with buffalo genomic DNA probe. 
Transcript IDs are mentioned on left side of the panel. For 
hybridization studies six clones from each set were taken 
along with buffalo genomic DNA as a positive control in 
seventh lane. 
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5.2.3 Exons tagged with consensus of 33.6 repeat loci represent various 
transcribing genes 
Independent blast search of each 33.6 tagged mRNA transcript showed that of 
the 29 different mRNA transcripts, 15 showed homology with flanking or intervening 
region(s) of transcribing genes across the species (Table 7). Some of these 
homologous genes were reported to be involved in signal transduction, cell 
differentiation and proliferation (Table 7). The remaining 14 mRNA transcripts 
showed either no or non-significant homology with the characterized genes in the 
database (Table 8). However, they did show homology with still uncharacterized 
BAC clones and contigs. For instance, mRNA transcript. Dpi5 showed homologies 
with the uncharacterized BAC clones of pig and human, Dp 18 with Bos taurus gart, 
son, donson and cryzll genes (Table 7). Remaining 12 transcripts showed homology 
with various Bos taurus genomic contigs (Table 8). 
5.2.3 Differentially expressed mRNA transcripts in Somatic tissues and Germ 
cells 
RT-PCR analysis of all the 29 mRNA transcripts using gene specific primers 
showed varying levels of signals amongst somatic tissues and spermatozoa for 13 
mRNA transcripts (Fig.36 and 37, Table 9), whereas remaining 16 transcripts showed 
uniform signals in all the tissues examined (Fig.36). These 13 transcripts were 
subjected to quantitative expression analysis using Real time PCR. Slopes of the 
standard curves for each transcript were between -3.3 and -3.6, conforming to the 
amplification efficiency to -90% to 100% (Fig.38). In order to reduce individual 
variations, normalization of quantitative Real Time results was done using 
endogenous control (GAPDH). Tissue or spermatozoal mRNA transcript(s) that 
showed lowest expression was used as an internal calibrator (cb). Of the 13 mRNA 
transcripts used for comparative expression analysis amongst somatic tissues and 
spermatozoa, 9 (Dpi, Dp4, Dp8, Dp 10, Dp 17, Dp 19, Dp20, Dp26 and Dp27) showed 
highest expression in spermatozoa (Fig.38, Table 3 and 9). The transcript Dp2 showed 
maximum expression in testis, Dp9 in liver and Dp22 in lung, eliciting their roles in 
these organs (Fig. 38). Interestingly, mRNA transcript, Dpl6 showed negligible 
expression in spermatozoa. Summary of the relative expression (in folds) derived 
from 2" ' value obtained for various transcripts are given in Table 9. 
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Figure 38. Real Time PCR Amplification plots showing relative 
expression (A) of satellite 33.6 tagged mRNA transcripts in different 
tissues, gonad and spermatozoa (a-m). Note the maximum expression 
of a few representative mRNA transcripts in spermatozoa (a, c, d, f, h, 
I, j , I and m) and exclusive expression of one mRNA transcript in liver 
(e). Single dissociation peak (B), shows maximum efficiency of the 
PCR reaction and high specificity of the primers respectively, with 
target cDNA. The bars represent cycle threshold (c^ ) values obtained 
with the indicated primer pairs and GAPDH {Ct sample - Ct GAPDH). 
Transcript IDs are mentioned on top left corner and tissue types are 
indicated below the panels (C). 
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5.2.4 Conservation of MASA amplified sequences in different species 
Buffalo derived 33.6 tagged exonic sequences showed cross hybridization 
with genomic DNA from 12 different species (Fig.39). Of the 29 mRNA transcripts, 
21 were present across the species, 7 (Dp2, Dp5, Dp6, Dpi 1, Dpl3, Dp24 and Dp28) 
were specific for bovids and 1 (Dp25) was detected exclusively in the buffalo (Fig.39, 
Table 10). Phylogenetic analyses of 15 mRNA transcripts (Dpi, Dp2, Dp3, Dp4, Dp9, 
Dp 10, Dp 12, Dp 17, Dp 19, Dp20, Dp21, Dp22, Dp26 and Dp27) established their 
close relationship with cattle except Dpi6 that showed surprisingly, close sequence 
similarity with humans. Fig.40 shows phylogenetic relationship of 12 representative 
mRNA transcripts across the species. 
5.2.5 28s rRNA gene is conserved across the species 
ClustalW alignment of 448 bp transcript (EF376013) with 28S rRNA gene 
sequences from Gorilla (M30951); Orangutan (M30952); Human (NR003287); 
Chimpanzee (K03429); Rat (V01270) and Mouse (NR003279) showed faithful 
conservation of these sequences across the species (Fig.41). 
5.2.6 Isolation of full length CDS of Peroxisomal Membrane Protein 4 (PXMP-4) 
The analysis of all the 33.6 tagged transcripts revealed that only one transcript; 
Dp26 of 605 bp was showing homology with Bos taurus Peroxisomal Membrane 
Protein-4 (PXMP4) gene along its entire length, and thus representing the partial 
cDNA sequence of PXMP4 in buffalo. The remaining 883 bp was generated using 
internal primers (Table 3(C)). The amplified band after gel electrophoresis (Fig.42) 
was subsequently cloned and sequenced after confirmation through restriction 
digestion and slot blot analysis using buffalo genomic DNA as a probe (Fig.43 and 
44). Sequence was then deposited in GenBank by accession number EU714054. 
Complete sequence analysis of Peroxisomal Membrane Protein- 4 revealed cDNA 
sequence of 1488 bp in Bubalus bubalis, (Fig.45A). Buffalo PXMP4 sequence from 
105-791 was found to encode for an open reading frame of 228 amino acids with an 
approximate molecular weight of 24 KDa (Fig.45B). Multiple alignments of PXMP-4 
sequences showed highest homology of buffalo with that of cattle though this gene 
was present in other species as well (Fig.46 and 47). 
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Figure 39. Cross hybridization of 29 mRNA transcripts 
using genomic DNA of buffalo and 12 different species 
mentioned on top of the panel. NC denotes negative 
control (Water) and PC denotes positive control 
recombinant plasmids. Transcript IDs of the sequences 
used for hybridization are mentioned on the left, p-actin 
was used as internal positive control (PC). 
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Figure 40. Phylogenetic tree based on blast search of 12 
representative MASA generated mRNA transcripts, showing 
distribution of sequences across the species. Transcript IDs 
are mentioned on left side of the panel (A-L). 
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ORANGUTAN 
HUMAN 
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GORILLA 
ORANGUTAN 
HUMAN 
CHIMPANZEE 
NORWAY RAT 
HOUSE MDUSE 
-GCCCTCGGCCGATCGAAAGGGAGTC 
-GCCCTCGQCCGATCGAAAGGGAGTC 
-GCOCTCGQCCGATCGAAAQGGAGTC 
-GCCCTCGQCCGATCGAAAGGGAGTC 
GCCCTCAGCCGATCGAAAQGGAGTC 
GCCCTCGQCCGATCGAAAGGGAGTC 
****** ****************** 
GQGTTCAGATCCCCGAATCCGGAGTGGOGGAGflTGGGOGCCGCGAGGCGTCCACTGC-GG 
GGGTTCAGATCCOCGAATCCGGAGTGGCGGAGACGGGOGCCGOGAGGCGTCCAGTGC-QG 
GQGTTCAGATCCCCGAATCCGGAGTGGCGGAGATGGGCGCCGOGAGGCGTCCAGrGC-GG 
GQGTTCAGATCCOCGAATCCGGAGTGGCGGAGATGGGOGCCGOGAGGOGTCCAGrGC-QG 
2120 
2140 
2507 
1092 
42 
6222 
2275 
2179 
2199 
2566 
1151 
HIIH^Hii^^^HI^^HIII^^HHI^^HH^^^I loi 
GGGTTCAGATCCCCGAATCCGGAGTGGCGGAGATGGGCGCCGCGAGGOGTCCACSrGCCGG 6 2 8 2 
GGGTTCAGATCCOCGAATCCGGAGTGGOGGAGATGGGCGCCGOGAGGC CAC3rGC-QG 2 3 3 1 
********************************* ************** ****** ** 
TAACGCGflCCGATCCCGGAGAAQCCGGCGGGAG-CCCCGGGGfiGAGTTCTCTTTTCTTTG 2 2 3 8 
TAACGCGSCCGATCCCGGAGAAQCCGGOGGGAG-CCCCGGGGAGAGTTCTCTTTTCTTTG 2 2 5 8 
TAACGCGACCGATCCCGGAGAAQCCGGCGGGAG-CCCCGGGGAGAGTTCTCTTTTCTTTG 2 6 2 5 
TAACGCGACCGATCCCGGAGAAQCCGGCGGGAG-CCCCGGGGflGAGTTCTCTTTTCTTTC 1 2 1 0 
H^BHHHHI^HHHHHII^HHH^HHIH ^^^ 
TAACGCGACCGATCCCGGAGAAGCCGGCGGGAG-CCC-GGGGAGAGTTCTCTTTTCTTTC 6340 
TAACGCGfiCCGATCCCGGAGAAGCCGGCGGGAGGCCTCGGGGAGAGTTCTCTTTTCTTTG 2 3 91 
****** ************************** ** ********************** 
TGAAGGGCAGGGCGCCCTGGAATGGGTTCGCCOCGAGAGAGGGGCCCGrrGCCTTGGAAAG 2298 
TGAAGGGCAGGGCGCCCTGGAATGGGTTCGCCOCGAGflGAGGGGCCCCTGCCTTGGAAAG 2318 
TGAAGGGCAGGGCGCCCTGGAATGGGTTCGCCOCGAGAGAGGGGCCCCTGCCTTGGAAAG 2685 
TGAAGGGCAGGGCGCCCTGGAATGGGTTCGCCOCGAGflGAGGGGCCCGTGCCTTGGAAAG 1270 
IHI^BHBillHHBHIIiii^^HHHHHHI^^HH^I 220 
TGAAGGGCAGGGCGCCTTGGAATGGGTTCGCCCCGAGBGAGGGGCCCGTGCCTTGGAAAG 6 4 0 0 
TGAAGGGCAGGGOGCCCTGGAATGGGTTCGCCCCGAGflGAGGGGCCCGTGCCTTGGAAAG 2 4 5 1 
**************** ******************************************* 
CGrCGCGGTTCCQGCGGCGTCCGGTGAGCTCTCGCTGQCCCTTGAAAATCCGGQGGAGAG 2358 
CGrCGCGCTTCCGGCGGCGTCCQGTGAGCTCTCGCTGGCCCTTGAAAATCCGGGGGAGflG 2378 
CGTCGCGCTTCCGGCGGCGTCCQGTGAGCTCTCGCTGGCCCTTGAAAATCCGGQGGAGflG 2 7 45 
CCTCGCGCTTCCGGCGGCGTCCQGTGAGCTCTCGCTGGCCCTTGAAAATCCGGQGGAGflG 1330 
HHHIiil^HHHHHHHII^HHBHIHHHIII^H ^^ ° 
CCTCGCAGrTCCGGCGGCGTCCQGTGAGCTCTOGCTGGCCCTTGAAAATCCGGQGGAGflG 64 60 
CGrrCGCGGTTCCGGCGGCGTCCQGTGAGCTCTCGCTGGCCCTTGAAAATCCGGQGGAGflG 2511 
****** ***************************************************** 
GCTGTAAATCTCGCGCCGGGCCCTACCCATATCCGCAGCAGGTCTCCAAGGTGAACAGCC 2 4 1 8 
GGTGTAAATCTCGCGCCGGGCCGTACCCATATOCGCAGCAGGTCTCCAAGGTGAACAGOC 2 4 3 8 
GCTGTAAATCTCQCGCCQGGCCGTACCCATATOCGCAQCAGGTCTCCAAGGTGAACAGOC 2805 
GGETGTAAATCTCGCGCCGGGCCGTACCCATATaCGCAGCAGGTCTCCAAGGTGAACAGCC 1 3 90 
HHHI^HHHI^HHHili^^BBHflHI^^^HH^I 340 
GGTGTAAATCTCGCGCCGGGCCGTACCCATATOCGCAQCAGGTCTCCAAGGTGAAC-GOC 6519 
GCTGTAAATCTCGCGCCQGGCCGTACCCATATOCGCAQCAGGTCTCCAAGGTGAACAGCC 2571 
******************************************************** *** 
TCTGGCATGTTGGAACAATGTAGGTAAGGGAAGrrCGGCAAGCCGGATOC 24 55 
TCTGGCATGTTGGAACAATGTAQGTAAGGGAAGTCGGCAAGCCGGATCC 2487 
TCTGGCATGTTGGAACAATGTAGGTAAQGGAAGTCGGCAAGCCGGATCCGTAACTTCGQG 2865 
TCTGGCATGTTGGAACAATGTAGGTAAGGGAAGTCGGCAAGCOGGATCC 1439 
400 
TCTGGCATGTTGGAACAATGTAGGTAAGGGAAG-CGGCAAGCOGGATCCGTAACTTCGGG 6578 
TCTGGCATGTTGGAACAATGTAGGTAAGGGAAGTCGGCAAGCCGGATCCGTAACrTCGQG 2631 
********************************* *************** 
Figure 41. ClustalW alignment of 28S RNA gene showing 
conservation of sequence across different species. 
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Figure 42. RT-PCR mediated transcriptional assessment of 
Peroxisomal membrane protein-4 (PXMP-4J gene. Note the 
distinct amplification of 883 bp product in all the tissues and 
spermatozoa (A). Molecular size marker in base pair (bp) is 
given on the left side of the panel, p-actin was used as 
positive control (B). 
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Figure 43. Restriction digestion of 883 bp Peroxisomal 
membrane protein-4 (PXMP-4) recombinant clones (1-9) 
with EcoR1 enzyme (A). Same amount of uncut plasmid 
was loaded in panel (B). Molecular size marker in base 
pairs (bp) is given on the left side of the panel. 
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Figure 44. Slot-blot hybridization of 883 base pair 
Peroxisomal membrane protein-4 (PXMP-4), recombinant 
clones (1-6) with buffalo genomic DNA probe. PC indicates 
positive control buffalo genomic DNA. 
(A) 
CCTCCAGCCCTCCTCCAGCCCTACTGAGGGTTGTGCAATAGCAACTCCG 
GCTGTCAGGGCGTGAGTCCTGCTCCGTGTCTACCACCCTCAGCGACGCC 
TGCATTATGGTCGCCCCACCGCAGCTGCGGGCTCTGCTCTTTGCGATCA 
ACGCACTATTGCGCAAGCGCCGCTACCACGCAGCACTGGCCATGCTTAA 
GGGCTTCCGGAACGGGGCAGTCTATGGAGCCAAAATCCGGGCCCCTCAT 
GCGCTGGTCATGACCTTTCTTTTCCGGAGTGGCAGCCTCCGGGAGAAGC 
TGCGCGCCATCCTGCAGGCCACGTACACCCACTCCTGGAACCTGGCCAG 
GTTTGTGTTCCTCTACAAGGGACTCTGTGCCCTGCAGTCCCGCGTCCAG 
GGCGAGACCTACCAGGCACACTCATTCGTGTCTGCCTTCATCGGGGGCT 
TGCTGGTGTTTGGAAACAACAATAACGTCAACAGCCAGATCAGCATGTA 
CCTGCTATCCCGCATCCTATTTGCCCTGTGCCGCCTGGGCATGGAGAAG 
GGCTTCATCCCTGAACCCAGGTTGGACCCGTTTCCATGGTTCACAGGGC 
TGGAGGAGGGCTGGAGGGCTGTGGCTCTTCGAGTACCACCGGCCAACCC 
TGCAGCCCTCGCTGCAGTCGTCCATGACCTACCTGTACGAGGACAGCAA 
CGTGTGGCACGACCTCTCGGACTTCTTTATCTACAACAAGAGCCAACCC 
TCCAAGTAACAGGGCCCCCAGGTGCTCAGGAAGGCTCCTGCACCCCAGT 
CGGGTGACGGAGGTATCCAGCCGCGGTTTGAGATTGGCTCCACCTGCTA 
ACCATCCCAGAGGCTCCTACCTCTTCAAGATCTGGGGTCTCAGACTAAC 
TTTTGTTAGCCCAGGGCTCCATTTGGCAAAATGGAAGCACTGATTATCA 
GTTCTCATTAGGTACTCTTGAATAGTGAAACGAGCCACCGAATCAGGCT 
GAGGAGCCTTGGGCACGGTGATGGCTGCTGACTCTTGAGAGACCAGGGA 
AGGCCACACCCCACCCTGGGCCTCAGGGATCATCGAGCCCAGACGAGGG 
CACTGAAGTCTCTTTCTGGTGGGTATGTTCTCTGACCATTCTTCTGTAA 
AAGAGGGCTTCTGGCTGATGGGCAGTGGGTTGCAAAAATGCATTTTTAG 
ACAATACTCAGTTCCTTGCCTTGGGTGTTCTATTGTAGAAGCTCCAGTG 
TTTCCACTGTCCAACAGAAACACAGTGTGAGACATATGTGACTGAGCTT 
TTTTTTAGCAGCCACAGTTTTTAAAAAGTGGAGGC3AATTCCTGGTGGTC 
CAGTGGTTAGGACTCCGCTGTCACTGCCAAGGGCATGGGTTCTATCCCT 
GGTTGGGAAGCTAAGATCCCACATGCCCCGAGGTATGGCCAAAAAAAAA 
AATGTGGGGAGAGAAAGAAGCAGAGATTAACCTTAATTATATCTTTGAA 
CCCAGTATTTCTCAAATG 
Contd/ 
(B) 
1 P P A L L Q P Y * G L C N S N S G C Q G 
1 CCTCCAGCCCTCCTCCAGCCCTACTGAGGGTTGTGCAATAGCAACTCCGGCTGTCAGGGC 
2 1 V S P A P C L P P S A T P A L W S P H R 
61 GTGAGTCCTGCTCCGTGTCTACCACCCTCAGCGACGCCTGCATTATGGTCGCCCCACCGC 
4 1 S C G L C S L R S T H Y C A S A A T T Q 
1 2 1 AGCTGCGGGCTCTGCTCTTTGCGATCAACGCACTATTGCGCAAGCGCCGCTACCACGCAG 
6 1 H W P C L R A S G T G Q S M E P K S G P 
1 8 1 CACTGGCCATGCTTAAGGGCTTCCGGAACGGGGCAGTCTATGGAGCCAAAATCCGGGCCC 
8 1 L M R W S * P F F S G V A A S G R S C A 
2 4 1 CTCATGCGCTGGTCATGACCTTTCTTTTCCGGAGTGGCAGCCTCCGGGAGAAGCTGCGCG 
1 0 1 P S C R P R T P T P G T W P G L C S S T 
3 0 1 CCATCCTGCAGGCCACGTACACCCACTCCTGGAACCTGGCCAGGTTTGTGTTCCTCTACA 
1 2 1 R D S V P C S P A S R A R P T R H T H S 
3 6 1 AGGGACTCTGTGCCCTGCAGTCCCGCGTCCAGGGCGAGACCTACCAGGCACACTCATTCG 
1 4 1 C L P S S G A C W C L E T T I T S T A R 
4 2 1 TGTCTGCCTTCATCGGGGGCTTGCTGGTGTTTGGAAACAACAATAACGTCAACAGCCAGA 
1 6 1 S A C T C Y P A S Y L P C A A W A W R R 
4 8 1 TCAGCATGTACCTGCTATCCCGCATCCTATTTGCCCTGTGCCGCCTGGGCATGGAGAAGG 
1 8 1 A S S L N P G W T R F H G S Q G W R R A 
5 4 1 GCTTCATCCCTGAACCCAGGTTGGACCCGTTTCCATGGTTCACAGGGCTGGA6GAGGGCT 
2 0 1 G G L W L F E Y H R P T L Q P S L Q S S 
6 0 1 GGAGGGCTGTGGCTCTTCGAGTACCACCGGCCAACCCTGCAGCCCTCGCTGCAGTCGTCC 
2 2 1 M T Y L Y E D S N V W H D L S D F F I Y 
6 6 1 ATGACCTACCTGTACGAGGACAGCAACGTGTGGCACGACCTCTCGGACTTCTTTATCTAC 
2 4 1 N K S Q P S K * Q G P Q V L R K A P A P 
7 2 1 AACAAGAGCCAACCCTCCAAGTAACAGGGCCCCCAGGTGCTCAGGAAGGCTCCTGCACCC 
2 6 1 Q S G D G G I Q P R F E I G S T C * P S 
7 8 1 CAGTCGGGTGACGGAGGTATCCAGCCGCGGTTTGAGATTGGCTCCACCTGCTAACCATCC 
2 8 1 Q R L L P L Q D L G S Q T N F C * P R A 
8 4 1 CAGAGGCTCCTACCTCTTCAAGATCTGGGGTCTCAGACTAACTTTTGTTAGCCCAGGGCT 
3 0 1 P F G K M E A L I I S S H * V L L N S E 
9 0 1 CCATTTGGCAAAATGGAAGCACTGATTATCAGTTCTCATTAGGTACTCTTGAATAGTGAA 
3 2 1 T S H R I R L R S L G H G D G C * L L R 
9 6 1 ACGAGCCACCGAATCAGGCTGAGGAGCCTTGGGCACGGTGATGGCTGCTGACTCTTGAGA 
3 4 1 D Q G R P H P T L G L R D H R A Q T R A 
1021 GACCAGGGAAGGCCACACCCCACCCTGGGCCTCAGGGATCATCGAGCCCAGACGAGGGCA 
361 L K S L S G G X V L * P F F C K R G L L 
1081 CTGAAGTCTCTTTCTGGTGGGTATGTTCTCTGACCATTCTTCTGTAAAAGAGGGCTTCTG 
381 A D G Q W V A K M H F * T I L S S L P W 
1141 GCTGATGGGCAGTGGGTTGCAAAAATGCATTTTTAGACAATACTCAGTTCCTTGCCTTGG 
401 V F Y C R S S S V S T V Q Q K H S V R H 
1201 GTGTTCTATTGTAGAAGCTCCAGTGTTTCCACTGTCCAACAGAAACACAGTGTGAGACAT 
421 M * L S F F L A A T V F K K W R E F L V 
1261 ATGTGACTGAGCTTTTTTTTAGCAGCCACAGTTTTTAAAAAGTGGAGGGAATTCCTGGTG 
441 V Q W L G L R C H C Q G H G F Y P W L G 
1321 GTCCAGTGGTTAGGACTCCGCTGTCACTGCCAAGGGCATGGGTTCTATCCCTGGTTGGGA 
461 S * D P T C P E V W P K K K M W G E K E 
1381 AGCTAAGATCCCACATGCCCCGAGGTATGGCCAAAAAAAAAAATGTGGGGAGAGAAAGAA 
481 A E I N L N Y I F E P S I S Q M 
1441 GCAGAGATTAACCTTAATTATATCTTTGAACCCAGTATTTCTCAAATG 
Figure 45. Full length sequence of Peroxisomal 
membrane protein-4 (PXMP-4) CDS lacking poly A tail 
(A) and its respective amino acid sequence (B). 
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Rat 
Mouse 
Dog 
Horse 
Human 
Chinpanzee 
Cattle 
Buffalo 
•M|APPQlIaiL S N|LLI|RRYHaALfi|KGFRNGAVYG|KIRAPHftLVM 51 
'PQI|ALL a NALLRKRRYHAAISMLKGFFNGAVYGMIRAPHALVM 120 
•M|APE|LRaLL B NMiraRRYHAAlftMLKGFEN(^G|nE|PHALVM 51 
•M aPPQIiy\II,llNMiIJ^KRRYHaAIjiMGFRNGAVYGMIRAPHfiLVM 51 
•M fi|PQIjyiLL|NAIIiUaiRYHAAIj|lJ(GFPNGAWGAKIRAPHALVM 51 
•MVAPPQLRAIiFAIMLLRKRRYHAAlJMLKGFPNGAVYGAKIRAPHALVM 51 
•MVAPPQU^AIlFAIMmUCRRYHAAIMLKGirRNGAWGAKIRAPHALVM 51 
* *•* *** •* ******************** *** ********** 
Rat 
Mouse 
Dog 
Horse 
Human 
Chinpanzee 
Cattle 
Buffalo 
Rat 
Mouse 
Dog 
Horse 
Human 
Chinpanzee 
Cattle 
Buffalo 
TFLFRSGS: 
TFLFRSGS: 
IllATYTHi 
Ilf^^JH: 
T F L F R S G M B | K I | A I L Q A T Y T H ! 
HSF 
SSFI 
FVE|YKGLCALQSRVQG|RYQ|HSF| 
TFLFRSG^EnMILQATdH^JNLfl FVE XKGLCALQSlVQGEnjHSFl 
TFXJRIGSIIEKIIAILQATJHSWNLARFW YKGXIALQSBQG 
TFIi^6Sl|EKljpiLQATY|HSWKLARFVF Y K G I | A L Q S I Q G 
TEm?SGSlREKIi^II^YTHSlMARFm,YKGLCAlQs|vQG|TYQAHSFVSAnG 111 
TFiraSGSIJlEKLRAILQATrrHSWNLAEFVFLYKGLCALQSRVQGETYQAHSFVSAnG 111 
***** **• •** ******* ** *** *** ** * **** •** *• 
* • * • • * * • * 
SQI 
SQI 
'SQI 
:SQI 
Mni: 
Mn|: 
LFALCRLi 
l|ALCHLi 
toLLSR LFALCRL 
LFALCRL Mn|SR 
LVFG|NNN|NSQI MHISP LF, 
|LVFG N N I J N S Q I MYLLSE LF. 
G L L V F G N N N N | N S Q I S M I L L S R LFALCRL' 
GLLWQMOrVNSQISMaLSRILFALCRLGMEKGnPEPRLDPFPWFrGLEEGWFAVAL 171 
* • * * • * * • * * * * * * * * * * • * * * * • * * * • * * * * 
Rat 
Mouse 
Dog 
Horse 
Human 
Chinpanzee 
Cattle 
Buffalo RVPPANPAALAAWHDLPVRGQQRVARPLGLLYLQQEPTLQVTGPPGAQEGSCTPVG 228 
** 
Figure 46. Multiple alignment of Buffalo PXMP-4 amino acid 
sequence(s) with Cattle (XP_001250784); Human 
NP_009169; Chimpanzee (XP_001158635); Mouse 
(NP_067509); Horse (XP_001500990); Dog (XP_852479); Rat 
(NP_757377). The alignment shows conservation of this gene 
across the species with subtle changes. 
Buffalo 
C a t t l e 
Pig 
Human 
Chinpanze 
Monkey-
Dog 
Harse 
bfause 
Rat 
OCTCCJOXCICCIC 15 
CTc 3 
-GGACAMGATGTaGTTTXCGAGCAC 26 
AGAMCAGCCTATAGACGCCAOGAGrCGGCGGCGC 35 
AACAGGCTACGGrCGGCCCAGCGGCAGACGaVGCCTGTGAGCGCCCaGAaxnSCTOCTC 120 
Buffalo 
Cattle 
Pig 
Human 
Chimpanzee 
Msnkey 
Dog 
Horse 
bfeuse 
Rat 
CAQCOC"TAC:iGAa3GITC!IQCAMaGCAAC-TOa3GCron^^ 73 
CAGCCC-TACTGAGGGTTGTGCAATAGC3ACKrCG(rrGTa\G(Ii:GTGACTCCrGCTC 61 
Cara3CXS\GGGCAGGTTGITX:AGffiGQGACACCTarrGTCACGGCGCr--TC^ 84 
TAOa»GQQQCIG?in3QOGOXAQaX3ey\CCrCCarrGTCAGTGCGCT--TACAGTrC 93 
GQOCGQGGGCTQCQGGCTGCXrCQCOGGAACC-a3GGCTGTO\arGCGGC--TQC3rGCrG 177 
-CAGrrCTTGOCCAGQCA. 17 
TGCTTGGCCAGCTA 14 
Buffalo CI31X^ICi:fCCPCCCrCPaJ3>CGCC^^ 133 
C a t t l e CGTGrCTACCACCCTaVGCGACGCCTGCATTATGGTCGCCCCACCGCAGCTGCGGGCTCT 121 
Pig GGTG0CTGC(3.CCGaXCAACTGCCC!GCACTATGGCCGCCCC|CCGa^ GCrGCG(irTCT 144 
Ifciman C-aSvCCCTGOXGCA(XCCG(3.CrATGGC|GCCcJcCGCAGCd^^ 53 
Chimpanzee aGACX-GGg\CCCiairGCAGCCCGCACrATGQC|GCC(4BcC(XAG(^^ 152 
Maikey ^ATGGC|GCCC«CCGCAGCTGCGGGCTCT 29 
Dog CTCGCCT-GCACCCCTCQCGCaDCCGAGCTATGGCCCfCCc|cCGCAGCTGCCGGCT 236 
Horse ^ATGGa:GCCCCACCGC|(|frGCGGGCTCT 29 
Mouse GGACCCT-TCS^CCGAGTCC TCCG3mrTATGGCCGCCCCACCGCAGa|i:|GGCTCT 7 3 
Rat GGTCCrr-QGACCCAGrGC TCCG3TQCrATGGC|XCCC|CCGCAGCl|cGGGCTCT 70 
**** * ** **** * * ****** 
Buffalo 
Cattle 
Pig 
Human 
Chiir[»nzee 
Maikey 
Dog 
Horse 
Mouse 
Rat 
CCAaSCAQCACTGGCCMQCr 193 
GCTOTTGCGATCAACGCACTMTC^ GCmGCGCCGCrACCACGCAGCACrGGCCATGCr 181 
'CAACGCA( 
'CAACGCA( 
'CAACGCA( 
'CAACGCA( 
'GCGCAAGCGCCGCTACCAO 
'GCGCAAGCGCCGCTACCAO 
'GCGCAAGCGCCGCTACCAa 
'GCGCAAGCGCCGCTACCAa 
•GCGCAAGCGCC(|frACCAO 
•CAACGCACTATTGCGCAAGCGCCCrTACCAO 
'CAACBfclBrGCGClAGCGCCGCrACCAO 
'CAAcHciBrGCGc|AGCGCC(|[rACCAC( 
'GGCCATCjr 204 
'GGCclra:T i i 3 
'GGCclrGCT 212 
'GGCqjfTGCT 89 
'GGCCATGCT 296 
.TGCT 89 
'GGCcircir 133 
'GGcdrar 130 
** ** ** ******* ******** ** **** ** * 
Buffalo 
Cattle 
Pig 
Human 
Chiitpanzee 
M3:ikey 
Dog 
Horse 
Mouse 
Rat 
TAAGQGCna3QGAACC3QGQCAGICTAiaaiXCRAAATCa3^^ 253 
TAA(I]GCrTCCGGAACG(I]G(:AGrCTATGGAGCCAAAATCCGGGCCCCT(3|XGCT 241 
TAAGGGCTTCCGGMCa^ GCAGrCT^ fGGAcJCAAAATCCGGGCCCCTCATGCf^ ^ 264 
TAAGGGCTTCCGGMCGGG(XiGTCTATGGAGCayW\TCCG(irCCCTC?lGCGCT 173 
TAAGGGCrrCCGGAACGGGaJGrCTATGGAGCCAAAATCCGarCCCTCA|GCGCTGGT 272 
TAAGGCrTTCCGGAACGGGGCfGrCTATGGAGCCAAAATCCGGGCCCCTCATGClCTGGT 149 
TAAGGGCTrCCGGAACGGGGCACTCTATGGAGCCAAAATCCGGCrCCCTCAlGCGCTGGT 356 
TAAGG(|^CCGGAACGGG(|^GrCTATGGA(JfcAAAATCCG(^CCCTa^ 149 
•AAGGGCTrCCGGAACGOOTfcTCTATGGAcJ^ 193 
|AAGCH:TrCCGGAACGGGG(:|3TCTATGGA(jcAAAATCCGGG(^CTC^^ 190 
***** *********** * ***** **** ********** * ***** ** ***** 
Contd/ 
Buffalo 
C a t t l e 
Pig 
Human 
Chinpanzee 
MDnkey 
Dog 
Horse 
Mouse 
Rat 
CATGACCTTTCTITrcaSGAGTGGCAaxnXXGGGftGAA^ 313 
:CATCCTGCAGGC 301 
:CATCCTGCAGGC 324 
:CAl|CTGCAGGC 233 
:CAl|cTGCAGGC 332 
TCCTGCAGGC 2 0 9 
:CATCCTGC?1GC 416 
:CATCCTGalGC 209 
: C A T | C T ( * 1 G C 253 
ICATfCTC^ZslGC 250 
* • * * * * * * * * * * * * * * * * 
A\TGACCTTTCTTTTCCGGAGTGGCAGCCTCCGGGAGAFLGCTGC( 
CATGACCTTTCIITTCCGGAGTGGCAGCCTCIGGGAGAAGCTGO 
CATGACCTTTCl TTCCGGSITGGCAGCCTCCIGGAGAAGCTI ~ 
CATGACCTTTCT TTCCGGsI.TGGCAGCCTCclGGAGAAGCTi 
CATGACCTTTCT TTCCGGSfTGGCAGCCTCclsGAGAAGCTi 
CATGACCTTTCl TTCCGGAGTGGCAGC|TCC|GGS|AAGCTI _ 
CATGAC|TTTCI TTCCGGAGTGGCAGCTTCCGGGAGAAGCTGO 
I A T G A C C T T T C T TTC|GGA(^GGCAG|CTaiMGftGAAGC' 
I A T G A C C T T T C I TTCfGGAGTGGCAG|cTCC§p\GAAGCTi 
***** ***** *** *** ***** ** 
Buffalo 
Cattle 
Pig 
Human 
Chiitpanzee 
Monkey 
Dog 
Horse 
Mouse 
Rat 
CACGTACACCCACTCCTCGAACCTGGCCAlXOTrGTGTTCCTCTAa^^ 373 
CACGTACACCCACTCCTGGAACClfGCCAGGTTTGTGTTCCTCTACAAGGGACTCTGTGC 361 
CAC 
CA( 
CA( 
CACGT. 
CACGTACA( _ 
CACGTAC?*CCTfTCi 
CACGTACZfCCACTi " 
:CACTCC|Ga||CCTi 
;CACTCCTGGAACCT( 
:CACTCCTGGAACCT( 
CTCCTGGAACCTi 
ACTCCIGGAACCTGGCI 
:GGAACCTI 
CClfGci 
CACGTACACCCACTC •CCTGGCi 
. ( ^ T T T G T G T T C 
IGGTTTGTGTT 
IGGTTTGTGTTC 
TTTGTGTTC 
' T T G T G T T C 
' T T G T G T T 
:TTTGTGTT_ 
"XlGlfTTC 
*** ** * ** ** *** *** ** * ** ** ** 
J C T A C A A G G G A C T C T C ^ 384 
:TACAAGGC*:TC1GTGC 293 
:TACAAGG(aCTc|GTGC 392 
|CTACAAGG(W:TC|GTGC 269 
lcT;fAAGGG|cTCTC^ 476 
IcTACAAGGGACTCTGTGC 269 
^TAiAAdLiCTCMTGC 313 
:TA|AA(4^:4[CTCPGGC 310 
*** *** * *** * 
Buffalo 
Cattle 
Pig 
Human 
Chinpanzee 
MDnkey 
Dog 
Horse 
Mouse 
Rat 
CCTGCAGiaXX3CGTa:Aa3GCGAGACCTAa3^GGCACACTCATTCG 433 
CCTGCAGTCCC1CGTCCAGGGC|AGACCTACCAGGCACACTCATTCGTGTCTGCCTTCAT 421 
CAGGGC AGACClfCCAGGgjJICACTCATTCMjJlGCTGCCTTCAT 444 CCTGCAGTCO 
CCTGCAGTO 
CCTGCAGTO 
CCTGCAGTCCO 
CCTGCAGTCCCG|G' 
CCTGCAGTCCIGCG' 
CCllCAGTCCqBGIl 
CCllcAGTCO 
.GACCTAO 
,GACCTAO 
.GACCTAO _ 
CAGGGCGA|ACCTACCA( 
CA|GGCGAGACCTACCA( 
:GAGACCiACCA( 
;TG|GACC|ACCA( 
JTC T G G C | G C C T T C | T 353 
,TTC T G G C I G C C T T C I T 452 
TTC TGGc|GCCTTCfT 329 
£TC|TTC TGGCTGCCTTCAT 536 
ACTCfTTC TGGCTGCCTTCfr 329 
CTCTTTC TGGCTGCCTTCAT 373 
CTCTTTC TGGCTGCCTTCAT 370 
*** ****** * ** ** *** * *** * ****** * 
Buffalo 
C a t t l e 
Pig 
Human 
Chinpanzee 
^4Dnkey 
Dog 
Horse 
Mouse 
Rat 
asaSGGCTTGCTa^TGTTKXaAACAACAAIAAaSTCAACAGCCAG^^ 493 
CGGGGGCTTGCTGGTGTTTGGAAACAACAATAACITCAACAGCCAGATCAGCATGTACCT 481 
'GCT(^GTTTGGSfe|AACAATA|C TCAAC;|^:CAGATi 
"CTGGTGTTTGGA P. AACAATAAC TCAACAGCCAGATI 
TGGTGTTTGGA S AACAATAAC TCAACAGCCAGATI 
[CTGGTGTTTGGS fi AACAATAAC TCAACAGCCAGATi 
'GCTGGTGTTTGGA FI|AACAATAAC TCAACAGCCAGATI 
:TGGTGTTTGGA ACAACAATAJJC TCAACAGCCAGATI 
ICTGITGTTTGGA AIAACAATAAC I|AA|AGCCAGAT( 
CTGITGTTTGGA ?4\ACAATAAC IIAAIAGCCAGATI 
TGTACCT 504 
TGTACCT 413 
TGTACCT 512 
TGTACCT 596 
TGTACCT 389 
TGTACCT 433 
TGTACCT 430 
*** ******** * ******* * * * * * ******* * ** 
Buffalo 
Cattle 
Pig 
Human 
Chinpanzee 
Mankey 
Dog 
Itorse 
Mouse 
Rat 
GCTATCCaSCATCCTAirrGCCCTGTGCaxrTGGGCMGGAGAAaSCrTT^^ 553 
GCTATCCa CCTATTTGCCCTGTGCCGCCTG 
'TTGCCCTGTGCCGCCTG 
[TTTGCCCTCJGCCGCCTG 
TTGCCCTJGCCGCCTG 
a |G |CCnGmCCTG 
TTOTfc^GCCGCCTG 
fCTGTGCCGCCT" 
IGCCBTGTGCCGCCTG 
TTGCCFTGTGCCGCCTG 
ITGGAGAAGGGCTTCATCCCTGA 541 
rGGA|AAGGGCT 
'IGAAGGGCT 
^GAAGGGCT 
ITGGAGAAGGGCT 
ITGGAGM^IGGCT 
ITGGAGAAGGGCT 
ITGGAGAAGGGCT 
| T C C C | G A 564 
^ T C C C T G A 473 
! \ T C C C T G A 572 
JCCH 445 
\TfCCTGA 656 
\ T C C C T G A 449 
^TCCCTdj 493 
^ T C C C T G I 490 
Contd/ 
Buffalo 
Cattle 
Pig 
Hunan 
Chinpanzee 
Dog 
Horse 
Mause 
Pat 
Axraa3nxjaax33n3a3iQ3iTC2^^^ 612 
ACCCAGGITGGACCCGTITCCm'GGITCTO\GGGCrGCTGTGGGa]CKXirG--CT 599 
GCCCAC4llGGACCa?lBcC2^f3ITCrCGGGITrGGTGrGGGGGCT 622 
rCACrGCGGrGGrGrGGGGGCTGCTG—CTGTGG 531 
rCACrGCGGrGGTGrGGGGGCrGGrG—CTGTGG 630 
471 
rCAOCGCAGrCGrGrGGGGGCrGGTG—CTGTGG 714 
!\CTGCCGrGGrGrGGGGGCrGGTC—GTGTGG 507 
'\CrGCGGrSOT:TGGGGGCrCGrG—CTGTGG 551 
_ ^CACGGCGCTGMTTGGGGGCTTGTG—CTGTGG 54 E 
* 
Acca\( 
J^ BCA( 
ACCCM 
AGO 
Buffalo 
Catt le 
Pig 
Hman 
Chinpanzee 
MsnksY 
Dog 
Horse 
>t3use 
Rat 
CIX3rCGa£3I303«rQGCCMVXC3QCAl3a^ 672 
CTCrrCGAGTACCACCGGCCAACCCTGCAGCCCrCGCTGCAGrCGTCCATGACCTACCTG 659 
CTCTTTGAGTACCACCGGCCCACCCTGCAGCCCrCGCTGCAGTCCTCCATGACCrACCrG 682 
CTCrTTGAGrATCACCGATCCAOGCTGCAGCOCrCGCTGCAGTCCTCCATGACCTACCrC 591 
CTCTTTGAGTATCACCGATCCACCCTGCAGCCCTCGCTGCAGTCCTCCATGACCrACCrC 690 
CTCTTTGAGTAO^miXKniiACrCTGCAGCairCACTGCAGrCCTCCATGACATACCrG 774 
CTGnTGAGTACCACAGGCACACGCTGCAGCCCrCCCTGCAGTCrTCCATGAOCTACCrG 567 
crrrrrGAGTACCACCGGOOCAcrcrGGAGCCcroGcrACAGrccrccATGACcrACcrc 6 i i 
CTCTTTGAGrATCACCGGCCCACTCTGCAGCCCTCACTACAGTCCTCCATGACCTACCrC 608 
Buffalo i!03aa5CAixz»aax3roQCRaaixix3a3^^ 732 
Cattle TACGAGGACAGCAAairGrGGCAa3\a::rCTCGGACrTCTTTATCTACAACAAGAGCCAA 719 
Pig TACGAGGACAGCAACACGTGGCACGACCrCTCAGACrrCCTCCTCTACAACAAGAAG 739 
Hunan TATGAGGAGAGCAArGrATGGCACGACATCTCAGACrTCCrCATCTATAACAAGAGCCGT 651 
Chiitpanzee TATGAGGACAGCAATGTATGGCAaS^CArcrCAGACrTCCTCGrCTATAACAAGAGCCGT 750 
Maikey 
Dog TACCAGGAIAGaym?rATGGCATGACArCTCAGArTTCCTOCTCTACAACAAGAGCCrC 834 
Horse TAa3\GGACAGCAAai[GrGGGAa3ACATCrrAGACrrOCr03rCTACAACAAGAGCOGC 627 
MDUse TACGAGGAGAGCAACGrGTGGCACGACCTCTCAGACTTCCrCATCrTCAACAAGAGCCAC 671 
Pat TACGAGGACAGCAACGTGrGGCACGACCTCTCAGACrTCCTCATCrTCAACAAGAGCCGC 668 
Buffalo (XCICCI'i^GmN3G32O00OCl^CC^^ 792 
Cattle CCCTCCAAGTAACAGGGCCCCCAGGTGCTCAGGAAGGCTCCTGCACCCCAGTCGGGrGAC 779 
Pig ^AAATAACrCGGCCCA-AAGTGCnTTGGGGACTCTGGCGCTTG 781 
Hunan CCCTCCAATTAATGCAGCCCTGAGGTGT 679 
Ghinpanzee CCCTCCAATTAATGCAGCCCTGAGGrGT 778 
Mxikey 
Dog CCCTCAAAATAA 846 
Horse CCCTCGCAGTGA 639 
MDUse CCCTCCAAGTAACACAGTCCA-AGGTGCrrCAGGA-ACTCCrCCGCCCAGACAGCTTCCA 729 
Rat CCCTCCAAGB^AACACAGCCCA-AGGrGCrTCGGGA-ACTCCAACGCCCAGACAGCrrCCA 726 
Buffalo 
Cattle 
Pig 
Hiznan 
Chiicpanzee 
Monkey 
Dog 
Horse 
Msuse 
Rat 
OaQGIKDOCaQX-
GGAGGTATOGAGCC-
CCAGCC-
--<n33rriGi'aa-TS3ci:o3>cciGci^^ 842 
-GCGGrrTGAGAT-TGGCrCCACCTGCTAACCATCCCA 829 
-ATGGCTGCAGAT-TGGCTCCATCAGCGAATC-CCCCA 822 
-CTGGCT GrGGCTCAAGAT-TTGGCCC-CArGCAGACCCICCCA 720 
-CTGGCT GTGGCTCAAGAT-TTGGCCC-CATGCAGACCCTCCCA 819 
GGCAGCAGCOCACCTrOCAGGCAGCTGCrCAGGGTATGGTTCrGITGGGArAOCCICGrG 789 
GGCAGCGTCCCGCT GCTGCrCAGGGTACCGTTCrATTGGCATACCGTCATG 777 
Contd/ 
Buffalo 
Catt le 
Pig 
Hixnan 
Chiitpanzee 
tfcnkey 
Dog 
Iforse 
Msuse 
Rat 
a%a3CTa33CcrcTin»G!OT3QQQGcra^^ 900 
GAG3CrCCTACCTCTTO\AGATCTGGGGTCT(3lGACT--MCTITrGTrAGCCGAGa 887 
GAAGffl'CCTGCCrGr[T(:2\AGOTCTGAGGrCTa\GACTCrft3CTTTrCT 882 
MGGATACrGCCrrCTay\GATCATAGGCCTCAGACTCC2iAC^^ 780 
AAGGArACrGCCTrCTCAAGArCTlTAGGCCTa\.GACr(XAACTGGTGITATCi:CAGGGrT 879 
GAGGAGCCTGCCTrCTCAAAGrCATAflTCCTa\CACTCX2yOTGrArrAACCCAGG^ 849 
GACIM'CCTG0::TrCTCAAAGrQ\TGGACCT(3\CACT(XAACTITrAn'AT^ 837 
Buffalo 
Cattle 
Pig 
Human 
Chiitpanzee 
Dog 
Horse 
itoase 
R a t 
OCAOTFiaSCAAAflTOGAftQaCIQaTATCftGr^^ 960 
CCATTTGGaWV\TGG?y\Ga\CTGAITArCAGITCTaYrTAGGrACT 947 
CCGCTGGCCAAASrc3\AAAa\CTGArCTr(3V\GrCCa\GTAGGrACT(I^ 942 
CCGirrGCTGAAGTAAAAACACTGAITITAAAATCCCAGrGGGTACCITrGTATGGrGGC 840 
CCGirrGCrGAAGTAAAAACACTGAITITAAGATCCCAGTGGGrACCrTrGrATGGrGGC 939 
CCKrTrGCrGAAGrAAAAGrACTGAGTTTTC(3\CTr--A(XAGrACTTITGAGrACrGrA 907 
CCACrrGCTGAAGGAAAAGTACCGAGGnTACXaXT—GCC TCCGGATACrGTA 889 
Buffalo 
Catt le 
Pig 
Hunan 
Chinpanzee 
Monkey 
Dog 
Horse 
^fc)use 
Rat 
A C G a G c x a o a a A T C A Q Q C i s ^ a a a r m t ^ Gacrcr 1015 
ACGAGCCACa3AATC2\GGCTGAGGAGCCITGGGaV0GGrGKrGGCrGCT GACTCT 1002 
ATAAGCCACaSAATCAGGCCGCaSAGCCTTGGCCAaill^OGXCT GCTGC 995 
ACAAGTGGCCGAATCAGGCTGAGGAATCTACGGCITGGITCCAGCrGrGCAGCTGAC^ 900 
AO^AGIXIirCGAATCAGGCTGAGGAATCTAGGGCTTGGITCCAG^ 999 
GCAAGTGOJKXIirCCCATTAAGGAGTCTCTGGaTGAITCCAGArGCT 967 
GCAAGrGGCrGGATCCAGCTAAGGA TTCCAGArGCrCITCa3\CCrC 936 
Buffalo 
Catt le 
Pig 
Himan 
Chiitpanzee 
btoikey 
Dog 
Horse 
MDuse 
Rat 
TxaGfiGiftccfia3GRMQa30^axiacoax3Qc^^ 1075 
TGA3AGA(Xya]GAAGGCCAa\.CCCCACCCTGGGCCT(3\GGGAr(XrcGAGCCCAGACGA 1062 
TGA CCCTGTGAGACC CGGGCCCCAGGGGTCArCGAGCrCAGAGGA 104 0 
TGrGAGACrGGGGCC3\GCCAa\CTACTCTCrAGGCCTCAGGGGrCAAGGAGCTCAGAG^ 960 
TGTGAGACTGGGGCCAGCCACGCrACrcrcrAGGCCrCAGGGGrCATGGAGCTCAGAGGA 1059 
TGrAAGG(XAGGGaW\CT-CA<:CCCCTCTa\G(:TrCAGG--T(3fflTC^ 1023 
TGrAAGGCCAGGGCGAGTr-CAACCCrCTCTGGGCCTCAGG--TCATTa\GrTGAGGGGA 993 
Buffalo 
Cat t le 
Pig 
Hunnan 
Chiitpanzee 
Dog 
Horse 
Moose 
Rat 
GGGCfiCT-
GGGCACT-
GGGCGCT-
1125 
•TCrCTGACCATTCrTCrGT 1112 
•TCrrCGGCCGITCITCrGT 1090 
-GAAGTCrcrTTCrGGTGGGTATGr 
-GAAGrCrGnTCrGGrGGGrATGT' 
GGGCCXT GAGGrCTCTnCCGGrGGGrATGIT(3\TTCTrCAACrGITCITATGr 1014 
GGGCCCT GAGGTCTCTTTCCGGTGGGTATGITCArTCITO^CTGTTCrrArGT 1113 
GGACCXTCCGAGGAGAGTGTCrrCCTGGTGGATATGATGG-CCCTTCCCCTCTACrGTAT 1082 
GGACCCTa\GAGGAGAGrGrCCTCCTGGGa3ATACGGrGA-<:CCT-CCCCrCrACrGTGT 1051 
Contd/ 
Buffalo 
Cattle 
Pig 
Hunan 
Chdnpanzee 
Dog 
Horse 
Mxise 
Kat 
— A 3 M 1181 
AAMGAGGGaTCrainT3ATGGGa\GrGGGITGCAAAAATGCAT^^ PCMI 1168 
mjjM333JT<nxjj:nxijmiJinjrmji^^ —AAAAT 1143 
CAGAGAGGG(I[ariTGCIGGKI5i:?GreGGIT^ PCPCT 1070 
CA(3»GGGCTCCTrGCTGGTGGGCAGrGGGITGrMATACUTi'rrMAM A^CACT 1169 
ATCAGAGGGCIUILTGCTA^raXITVa'AGGrrACAAZ^^ 1142 
ATCASOSinXinTCCTACrKSjGa^^ 1110 
Buffalo 
Cat t le 
Pig 
I&jnan 
Chdnpanzee 
tixikey 
Dog 
Horse 
tixise 
Bat 
--GrrraacrGKrA 1238 
ACIO\GIT(X3TCCITraSJKI[TCTAriCTAGAA GTITOCACTGrOCA 1225 
ai[CflGITCCITGTCITA(3\TGITCTGITGGA3AAGC^ GITTCCACrGrCCA 1200 
AAGITCCrrATCIGO^TQCTGTia'ACinSflGMG^ ^ATICOCACrGrCCA 1126 
AAGITCCTIATCTCAGATGCIGITCTACna^ A^TTCQCACrGrCCA 1225 
ACTAflATTCTITG]in:'AAATTATTa«::iG-A^ GOCCTACTGrCAA 1197 
ACTAAArTCTITGICrAA3ITAriCrACCX>-AGACn[T(III^^ 1169 
Buffalo 
Catt le 
Pig 
HLznan 
Chiitpanzee 
Mxikey 
Dog 
Horse 
Msuse 
Rat 
M:a3afflC3V3VSK3n3V>-JOIRT--K2n3CI^ 1294 
A(:AGAAACAC?CIU[O\G--A(:ATAT--GIGA^ 1281 
GrA5AMCA!IGAIGrGAGIOa:ATAr--KIK5\I^  1257 
AT^OAACAC GirS^GOGATATAT-HSIAAriAA-AATGITICrASrAQCTC^ 1180 
ATAGAAACAC GK5\G(XATATAT-HZrAAITAA-AATGITICrA[I[AGCK^^ 1279 
ATASGAa^VCrASATGAGrCACGrG CACAGCAOSICTCAAXTrGrArGAGAC 1250 
ATGGGAAa5V\ACAIGAG(XAITCGATASCGrA(3\GC^^ 1228 
Buffalo 
Catt le 
Pig 
Kjian 
Chdnpanzee 
Msikey 
Dog 
Horse 
tixise 
Bat 
iT---iaflftaGii33Bfl33«OTnzia2ia^^—Asrasnaosornacnxsiac 1347 
IT—^AAAAA^reGAGGGAATOXTGGTGGrCX: ^AtJiaSTTAGG^CTCXJGCrGrCAC 1334 
TIT—AAAAAGTAGAAACSAT—CAGGTGA GATTAAGGrTA-ATTATATC 1302 
A A A - - A A A G A A G C O T I I I 2 \ a C T Q X T a \ a i : ( ^ 1238 
AAA--AAAGAAGCCTGGG(3\CrGrGGCTCACTCCTGrAAT(nO\GAACITT3GGAGGCTG 1337 
GCA3GAT0:TAT(:XX2«3\CrGAGAATAAAA:TT(2WJ^^ 1310 
T(XTATCADCAG(3VCK5\GAATAAAA3G(XTA3r^^ 1281 
Buffalo 
Cat t le 
Pig 
Hunan 
Chdnpanzee 
Maikey 
Dog 
Horse 
Mxise 
Pat 
aiina«22i3m3a3iTCiRKxrra2n^^ 1407 
TGCD^ASSGCATGGGriCrATCCXTGGITGGGAAXTAAGAiarCXATGC^ 1394 
mTAAGCCMTATnTTCAAAC ^ATCAGCAITTCAATGTGIAATAAATCrAAAAATC 1359 
AGG(3GGCASVrAA(XT(50TCA3GA3IT(:TTGACCA3(X^ 1298 
AGGC:AGGTGe\TCACTTff\A(ni:AGGAGaTff\mCCAGC^^ 1397 
AITAAGA?CGCTGIQ3a3X93CAGra i ra3I^^ 1370 
AITAAGAAIXTGTGGCACrAGGGITATGAGCia^GGCrAGGCE^^ 1341 
Contd/ 
Buffalo 
C a t t l e 
RLg 
Human 
Chinpanzee 
MDnkey 
Dog 
Horse 
M3use 
Ba t 
TGaX»J!W^AAAAAAATCTQGGG?OV3AAAGAAGCA^^ 1467 
TGGCCM.z\AAAAAMATGTGGGGAGAGAAAGAAGCAGAGATTMCCTTMTTATATCTTT 1454 
AAAAAAAAAMAAAMMAAAAAMAAAAAAAAAMAAMMAAAAAAAAAAAA 1413 
CCATCTCTACTMAAATACAAAAA-TTAGCTGGACATGGTGGCAGGCACCTGTAATTCCA 1357 
CAGTTTCTACAAAAAATACAAAAAATTAGCCGGGTTCCAT CACCTGTGGTTCCA 1451 
CAGAGGCAGGCAGATTTCTGAGTTCGAGGCCAACCTGGTCTACAGAGTGAGTTCCAGGAC 1 4 3 0 
pjxMM:j\j:^j^j:>^i^:,pj\j^.^^ 1 3 7 9 
Buffalo 
C a t t l e 
P ig 
Human 
Chinpanzee 
MDnkey 
Dog 
Horse 
Mouse 
Rat 
GftftaX^^CTMTICTCAAAIXS 1488 
GAACCCAGTATTTCTCAAATGTTATCATTTTAATGTGTATTAAATATAAAAATTAATAAG 1514 
GCTACTTGGGAGGCTGAGGTGGGAGAATCTCTTGAACCTGGGGGG CTGCTGTGA 1 4 1 1 
GC TGAGGTGGGAGGATCACTTGAGCCTGTGAGGTCGAGGCTACAGTGA 1 4 9 9 
AGCCAGGGCTACACAGAGAAACCCTGTCTCGGAAAACC- 1 4 6 8 
Figure 47. ClustalW alignment of PXMP-4 nucleotide 
sequences from different species. Note close sequence 
homology between buffalo and cattle. Nucleotides alterations 
are color marked. 
Discussion 
Section II 
Debates whether minisatelUtes play a vital role in organism development and 
evolution are never ending. However, with recent available reports on the presence of 
minisatelUtes in the transcribing regions of the genomes, including protein-coding 
genes and expressed tags sequence (ESTs) (Li et al, 2004; Morgante et al, 2002) 
rules out earlier notion of their being non functional. Present study uncovers various 
transcribing genes tagged with the consensus of 33.6 repeat loci in Bubalus bubalis 
and opens gateway to explore minisatellite associated transcripts in other genome 
both under normal and experimental conditions. 
5.2.8 Non-random distribution of 33.6 repeat units across the species 
Debate whether minisatelUtes play a vital role in organism development and 
evolution is never ending. However, with recent reports on the presence of 
minisatelUtes in the transcribing regions of the genomes, including protein-coding 
genes and expressed tags sequence (ESTs)( Li et al, 2004; Morgante et al, 2002) 
rule out earlier notion of their being non functional. In silico analysis using two units 
of 5'CCTCCAGCCCT3' demonstrated non-significant homology with several cDNA 
sequences in the database. This was construed to be due to insufficient number of 
characterized genes reported therein. However, one unit of 11-mer 5' 
CCTCCAGCCCT 3' was found to be associated with various structural and 
functional genes in several eukaryotes such as Bos taurus, Ovis aries. Homo sapiens. 
Pan troglodytes, Rattus non>egicus, Canis familiaris, Gallus gallus, Danio rerio and 
Sus scrofa. MAS A conducted with two units of 33.6 repeat sequences uncovered 
several bands showing that these genes in buffalo are tagged with two unit s of this 
repeat. Tandem repeats play significant roles in the regulation of transcription within 
the genes and may also influence transcripfional activity (Caburet et al, 2004; 2005). 
In the present study, we detected several known transcripts alongwith few 
uncharacterized ones. These uncharacterized transcripts may represent some vital 
genes involved in the testicular functions. Further, actual number of such genes may 
be more since all the tagged exons may not be amplified at one time due the 
complexity of buffalo genome and transient nature of some mRNA species. In brief, 
present method seems to be a powerful tool not only to analyze buffalo genome with 
respect to mRNA transcripts of somatic tissues and spermatozoa in normal animals 
tagged with short tandem repeats but also from the ones having genetic anomalies 
such as fertility failure or impaired spermatogenesis. Present approach combined with 
54 
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the detailed characterization of other repeaf'lagged exons can surely facihtate 
understanding the transcriptional regulation of minisatellite sequences not only in 
buffalo genome but also in other desired species. 
5.2.9 Differential expression of mRNA transcripts tagged with consensus of 33.6 
repeat loci in different tissues 
The potential size expansion and contraction of minisatellites and 
microsatellites could lead to truncated form of protein or formation of new genes by 
frame shift mutation (Li et al, 2002). Our study demonstrated differential expression 
of most of the 33.6 tagged transcripts in somatic tissues and spermatozoa reflecting a 
possible programmed sequence modulation during different stages of development. 
For instance, few transcripts; Asialoglycoprotein receptor-1, CDC42 binding protein 
kinase gamma, Heterogeneous nuclear ribonucleoprotein U-like and 28s ribosomal 
RNA showing maximum expression in different somatic tissues, are likely to play 
roles in cell-to-cell interactions (Weige and Oka, 1983), cytoskeleton organization, 
cell cycling(Jeffrey et a/., 1997; Walker et al, 2000), RNA processing, DNA binding 
and transcriptional regulation (Sherry and Amo, 2002; Miller and Ostermeier, 2006). 
Spermatozoa are terminally differentiated cells produced during the complex process 
of spennatogenesis and owing to highly condensed nature of the chromatin, 
transcriptional activity is considered to be highly unlikely. Presence of satellite tagged 
mRNA transcripts in the spermatozoa of buffalo suggests their possible roles during 
and after fertilization events. This view is supported by the present study where 9 
mRNA transcripts showed highest expression in the spermatozoa encompassing genes 
for FCH and double SH3 domains, Delta-like protein 4, TBCIDIOB protein transcript 
variant 1, Adenylate cyclase 1, Mitochondria originated Seryl-tRNA synthetase, 
Sarcosine dehydrogenase, Growth arrest-specific 7 and Peroxisomal membrane 
protein-4. These genes are associated with variety of important biological functions 
including cell signaling, differentiation, organization and proliferation (Qian et al, 
2006; Hellstrom et al, 2007; Strom et al, 1993; Wade et al, 2003; Yokogawa et al, 
2000; Bergeron et al, 1998; Ju et al, 1998). One mRNA transcript, Dp8 of unknown 
function also showed its maximum expression in spermatozoa. Highest expression of 
mRNA transcripts in the spennatozoa suggests their larger requirement possibly in 
testicular functions. The relative expression of 28s ribosomal RNA gene showing 
negligible expression in spematozoa is supported by earlier study (Miller et al. 2005; 
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2006) where minimal expression of 28s rRNA in spermatozoa was reported. Highly 
reduced expression of 28s rRNA in spermatozoa may be taken as a normal feature. 
Thus, it would be interesting to pursue fate of such mRNA transcripts in the animals 
genetically abnormal within and across the species. This can prove to be a potential 
biomarker in assessing the sperm quality in the animal systems. The mRNA 
transcripts present both in spermatozoa and somatic tissues suggest their similar 
biological roles across the tissues, h is also likely that 33.6 minisatellite sequences 
tagged with these mRNA transcripts themselves are involved in regulating their 
expression in tissue specific manner. Clearly, additional work on this line in related 
and even distant species would not only form rich basis of comparative and functional 
genomics but also reveal if these repeats behave in the (dis)similar manner in two 
un(related) species when tagged with minisatellite sequence. 
5.2.10 Peroxisomal membrane protein 4 showing highest expression in the 
spermatozoa is conserved across the species 
Most of the mRNA transcripts associated with 33.6 repeat showed their 
presence in several species suggesting much broader conservation. Few transcripts, 
specific for bovid genome only, may be exploited as species specific markers. Further 
interrogation of individual genome at sequence and expression level will give an exact 
status of such genes in the respective genome(s). MASA ampUfied Dp26 (605 bp) 
transcript; Peroxisomal membrane protein-4, with the highest expression in 
spermatozoa also showed its conservation across the species. Absence of peroxisomes 
in the cells of the liver, kidney, and brain has been associated with Zellweger 
syndrome, a rare, congenital disorder. Plasmalogens are main component of the 
spermatozoal membrane and plays an important role in sperm maturation (Mamiaerts 
and Van Veldhoven, 1996; Reisse et al., 2001). We predict an increase in the 
plasmalogen content of the sperm plasma membrane, may lead to higher spermatozoal 
expression of PXMP-4. Since peroxisomes are required for plasmalogen synthesis, 
increase in its content is reflected by its higher expression in spermatozoa. Multiple 
sequence alignments showed conservation of PXMP-4 amino acids in different 
species suggesting its requirement in those species possibly for different metabolic 
functions. Similar characterization of other transcripts and their cross species analysis 
could contribute to better understanding of various functions and provide a new 
insight into germline genetics and somatic cell research within and across the species. 
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CONCLUSION 
Present work demonstrates that employing MASA, several functional, 
structural and regulatory genes may be accessed circumventing the conventional 
screening of the cDNA library. The 33.6 repeat is indeed an integral part of various 
transcribing genes in buffalo genome. Few mRNA transcripts uncovered here are 
specific to a given tissue and species. Therefore, this approach may be exploited in 
accessing the transcriptomes of any biological samples leading to the development of 
cell/tissue specific biomarkers. The transcripts from the spermatozoa fully 
characterized in one species may be used as basehne data to develop a comparative 
account of the same in other species. Thus, present approach is envisaged to enrich 
Germline comparative genomics narrowing the search of gene(s) heavily involved in 
testicular functions, pre- and post fertilization events and embryonic development. 
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SUMMARY 
The present study deals with the chromosomal organization, copy number 
assessment and transcription status of repeat elements in the buffalo Bubalus bubalis. 
The following points summarize the outcome of this work highlighting, presence of 
repeat sequence in various transcribing genes of buffalo genome. 
1. A satellite fraction of 1378 and 673 bp in the buffalo genome uncovered by 
BamHl enzyme has been isolated, cloned and sequenced. The sequences of the 
recombinant clones pDS5 and pDS4 corresponding to 1378 bp and 673 bp were 
deposited in the Genbank vide accession no. Y07658 and AY95632, respectively. 
2. No consecutive short tandem repeat (STR) motifs were found in pDS5 and pDS4. 
However, a six base long CTCGAG motif was found at 11 positions in pDS5. 
3. Cross hybridization studies of pDS5 and pDS4 with genomic DNA from different 
sources showed signals only in buffalo, cattle, goat and sheep, hylogenetic 
analysis of pDS5 and pDS4 sequences from other species showed close 
relationship between buffalo and cattle. 
4. The pDS5 representing 1378 bp fragment showed FISH signals only in the 
centromeric region of acrocentric chromosomes whereas pDS4 corresponding to 
673 bp detected signals in the centromeric regions of all the chromosomes. The 
sub-fragments used for conducting Fluorescent in situ Hybridization with buffalo 
metaphase chromosomes showed varying levels of signals. 
5. Real Time PCR analysis uncovered 1234 and 3420 copies of pDS5 and pDS4 
fragments per haploid genome, corresponding to 30 and 68 copies per 
chromosome, respectively. Analyses of cDNA from different tissues of buffalo 
with Real Time PCR detected maximum expression of pDS5 and pDS4 in spleen 
and liver, respectively. 
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6. Minisatellite Associated Sequence Amplification (MASA) with consensus 
sequence of 33.6 repeat loci uncovered a total of 161 bands in the range of 206 to 
988 bp transcripts from the somatic tissues and spermatozoa of buffalo. 
7. In silico analysis revealed distribution of 11-mer 33.6 repeat loci in mRNA 
transcripts of several species, however no gene was found to be tagged with 22-
mer repeat motif Independent blast search of 29 mRNA transcripts showed 
homology of 15 mRNA transcripts with characterized genes and 14 with 
uncharacterized ones. 
8. RT-PCR of 29 mRNA transcripts showed uniform signal distribution of 16 
transcripts in all the somatic tissues and spermatozoa whereas 13 transcripts 
showed varying levels of expression in different tissues and spermatozoa. Relative 
expression of thirteen candidate genes using Real time PCR showed highest 
expression of nine in spermatozoa, one each in liver and lung and two showed 
uniform expression across the tissues and spermatozoa. 
9. Cross hybridization of 29 mRNA transcripts tagged with 33.6 sequences with 
genomic DNA from 12 different species showed conservation of 21 transcripts 
across the species whereas, 8 remained specific to bovids. Phylogenetic analysis 
of 15 mRNA transcripts showed closer proximity of buffalo with the cattle 
genome except one (Dp6) that showed close homology with human genome. 
10. Full Length CDS of Peroxisomal Membrane Protein-4 revealed cDNA sequence 
of 1448 bp in Biibalus buhalis. Multiple sequence ahgnment revealed its highest 
homology with that of cattle and its presence in different species. 
11. Thus MASA approach may be exploited to study organization and expression of 
the several satellite tagged transcriptomes in the somatic tissues and spermatozoa 
of buffalo Bubalus buhalis. 
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Chromosomal Localization, Copy Number Assessment, and 
Transcriptional Status of BamRl Repeat Fractions in 
Water Buffalo Bubalus bubalis 
DEEPALI PATHAK,' JYOTI SRIVASTAVA,i SANJAY PREMI,' MADHULIKA TIWARI,^  
LALIT C. GARG 2 SUDHIR KUMAR ' and SHER ALI^  
ABSTRACT 
Higher eukaryotes contain a wide variety of repetitive DNA, although their functions often remain unknown. 
We describe cloning, chromosomal localization, copy number assessment, and transcriptional status of 1378-
and 673-bp repeat fractions in the buffalo genome. The pDS5, representing the 1378-bp fragment, showed 
FISH signals in the centromeric region of acrocentric chromosomes only, whereas pDS4, corresponding to 
673 bp, detected signals in the centromeric regions of all the chromosomes. Crosshybridization studies of pDS5 
and pDS4 with genomic DNA from different sources showed signals only in buffalo, cattle, goat, and sheep. 
Real-time PCR analysis uncovered 1234 and 3420 copies of pDS5 and pDS4 fragments per the haploid genome, 
corresponding to 30 and 68 copies per chromosome, respectively. Analyses of cDNA from different tissues of 
buffalo with Real-time PCR showed maximum expression of pDS5 and pDS4 in the spleen and liver, respec-
tively. Phylogenetic analysis of these sequences showed a close relationship between buffalo and cattle. The 
prospect of this approach in comparative genomics is highlighted. 
INTRODUCTION 
SATELLITE DNA REPRESENTS tandemly repeated sequences, organized in long, usually megabase arrays, and located in 
the pericentromeric and/or telomeric heterochromatic regions 
(Charlesworth et al., 1994). Nucleotide changes and copy num-
ber variations fuel the process of their evolution within and 
across the species (Ugarkovic and Plohl, 2002). Satellite frac-
tion(s), although not conserved evolutionarily (Amor and Choo, 
2002), are unique to a species and usually show similarity 
among related groups of animals (Ali and Gangadharan, 2000; 
Henikoff et al, 2001). With respect to the functional role of 
these sequences, uncertainty persisted for a long time, and it 
was largely believed that they represent detritus part of the 
genome (Ohno, 1972). However, recent studies have shown re-
peat elements influencing the structure, function, and evolution 
of the chromosomes in the host species (Sinden, 1999; Dey and 
Rath, 2005). Studies on centromeric and telomeric sequences, 
retrotransposons, and Alu-repeats have substantiated this view 
(Grady et a/., 1992; Wolffe, 1989). Similarly, expansion of tri-
nucleotide repeats leading to hereditary neurodegenerative dis-
eases in humans has highlighted the importance of repeat ele-
ments in mammalian genome (Paulson, 1999). Short tandem 
repeat (STR) motifs and microsatellites are frequently used as 
markers for genotyping, genome mapping, species diversity, 
and molecular mining of the satellite tagged transcribing se-
quences (Chattopadhyay et al., 2001; Srivastava et al., 2006). 
Centromeric heterochromatic sequences participate in the kine-
tochore activities during cell division (Mellone et al., 2003). 
These sequences have been well characterized in humans 
(Schueler et al., 2001), the mouse (Broccoli et al., 1991), 
Drosophila (Sun et al, 1997), and cattle (Plucienniczak et al, 
1982; Taparowsky andGerbi, 1982; Nijman andLenstra, 2001). 
However, their organizational, evolutionary, and transcriptional 
status in buffalo genome remains unknown, despite the fact that 
this is an important species for agricultural and dairy industries 
throughout the Indian subcontinent. 
We describe cloning, chromosomal localization by fluores-
cence in situ hybridization (FISH), copy number assessment, 
and transcriptional status of 1378 and 673 bp repeat fractions 
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Transcriptional Status of Known and Novel Genes Tagged 
with Consensus of 33.15 Repeat Loci Employing 
Minisatellite-Associated Sequence Amplification (MASA) 
and Real-Time PCR in Water Buffalo, Bubalus bubalis 
.lYOTI SRIVASTAVA,' SAN.TAY PREMI.' DEEPALI PATHAK,' ZAID AHSAN,^  MADHULIKA TrWARI,^  
LALIT C. GARG,2 and SHER ALI' 
ABSTRACT 
We conducted niinisatellite-associated sequence amplification (MASA) with an oligo (5' CACCTCTCCAC 
CTGCC 3') based on consensus of 33.15 repeat loci using cDNA from the testis, ovary, spleen, kidney, heart, 
liver, and lung of water buffalo Bubalus bubalis and uncovered 25 amplicons of six different sizes (1263, 
846/847, 602, 576, 487, and 324 base pairs). These fragments, cloned and sequenced, were found to represent 
several functional, regulatory, and structural genes. Blast search of all the 25 amplicons showed homologies 
with 43 transcribing genes across tlic species. Of these, the 846/847-bp fragment, having homology with the 
adenylate kinase gene, showed nucleotide changes at six identical places in the ovary and testis. The 1263; 
324,- and 487-bp fragments showed homology with the secreted modular calcium binding protein (SMOC-1), 
leucine-rich repeat neuronal 6A (LRRN6A) mRNA, and human TTTY5 mRNA, respectively. Real-time PCR 
showed maximum expression of AKL, LRRN6A, and T-cell receptor gamma (TCR-y)-like genes in the testis, 
SMOC-1 in the liver, and the T-celJ receptor-like (TCRL) gene in the spleen compared to those used as en-
dogenous control. We construe that tliese genes have evolved from a common progenitor and conformed to 
various biological functions during the course of evolution. MASA approach coupled with real-time PCR has 
potentials to uncover accurate expression of a large number of genes within and across the species circum-
venting the screening of cDNA library. 
INTRODUCTION 
AN EUKARYOTic GENOME Contains a sizable portion of repet-itive DNA\ besides single or multiple copies of the tran-
scribing sequence (Nadir ct ciL. 1996; Wickslead el ciL. 2004). 
Coding sequences may be organized in the proximit)' of the 
noncoding short tandem repeats (STR), or may harbor such mo-
tifs within themseives (.lohansson et ai, 1992), k large ntini-
ber of ntega-, mini-, and microsalellile sequences have been 
characterized from a number of species (.leffreys a ciL. 1988). 
.Some of these are evolutionarily conserved (Taulz, 1989; Rob-
les vl al., 2004), whereas others reinain imic|uc to a given 
genome (,Mi el ah. 1999). Repeat sequences arc known to shrink 
and expand, fuelling the process of copy number alteration 
(.lohn and Ali. 1997; Nakamura ctal, 1987), and have been as-
sociated with tuinorigenesis and genetic anomalies (Eppieu, 
1988; Ki/awa ctal.. 2005; Ross et ai. 2005). The 16 nucleotide 
long (5' CACCTCTCCACCTGCC 3') consensus of :-^^.\5 
repeal loci originating froin the htunan myoglobin gene 
(7q35-q36) studied in a number of species (Ali and Wallace, 
1988; Jeffreys etal. 1985: Weitzel et al.. 1988) have also beei 
found to be associated with heterochromatic sequences of ' ' 
human Y chromosome (Bashamboo and Ali. 2001). We wanted 
to ascertain if this repeat motif is part of mRNA transcripts of 
structural, functional, and regulatory genes and involved in up-
or downregtilation of these genes in somatic tissues and go.aads. 
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